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THE ANAEROBIC DISSIMILATION OF GLU- 
COSE BY FUSARIUM LINI 


been recognized that 
under conditions of restri 
pect to that ot veast (34 

to carbon dioxide often 
nlity of the fu 
annot re 
(ther 


veast pattern | 


prod 
evidence 
followed mci | 

of added diphosphopyridine 
carbo 
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dioxide by Fusarium lint Bolley * can be 
Embden-Meyerhof scheme alone The cl 
part by convenience, in part by the nati 
presence of active phosphatases in the « 
experiment The following character 
equence ha 


ve been selected for 


vhether /’. lint meets the requirem 
Resting intact cells form tv 
per mole of sugar utilized 
Carbon aton 3 and 1 of glucose 
| and 6 do not appear significantly 
3. Fructose 1,6-dipho phate 1 plit by 
phates, determinable as alkali-labile organi 
1. The oxidation of glyceraldehyde 
tose 1,6-dipho phate, involve the 
tide and is poisoned by 1odoacetate 
3-Phosphoglyceric acid, in the presence ot adenosine 
can reoxidize reduced 


diphosphopyridine nu leotide, the reactions being 


catalyzed by phosphoglyceryl kinase (4) and trios ) leh 
genase 

6. Phosphoglyceric acid is converted to 
being inhibited by fluoride 

/ Pyruvic ac id is decarboxylate d to acetaldehyde and carbor 
by pyruvic decarboxylase 

8. Ethanol dehydrogenase converts acetaldehyde to eth: 


simultaneous reoxidation of reduced diphosphopyridine nu 


MATERIAI AN METHOD 


Br ecee 


Fusarium lini Bolley, strain No. 9593 ot the An 


2 


Collection, wa grown routinely On aval int conta 


ining, 


= 


glucose 10 gm and Difco nutrient agar 23 gm \ wate 
prepared from these slants after 14-21 di: 


inoculate 100 ml portions of the growth medium 


nay Oe ee en 


flas| Inoculated flasl vere incubated 3 d 
os 
wo growth media, a synthetic and 
synthetic medium contained, per liter 
gm, KH.PO, 1.5 gm, and MgSQO,-7H.O 0.75 gm 
dium contained, 


O proteose peptone 








LHE DISTRIBUTION RMENTATION * 


13.1 
19.6 10.3 


* Cells grown on nthetic mediun Kach Warburg fl 
buffer (pH 6.8) 30 uM, MgCle 10 uM; v hed cells 400 mg ibeled glu 
and water to 3.2 ml. Evolved CO, was collected in 20 percent 
clusion of the « xperiment iz mperature 30° C, time 210 mi 


nN 
** | ndogenou (72 ul ubtracted 


experiment were grown on the ynthetic medium, but other ¢ 


ments with cells from the complex medium yielded the same result 


Results with specifically C'*-labeled glucose are presented in ‘TABLI 
] ot glucost con 


II, and conform to expectations, in that carbon atom 


tributes negligibly to the carbon dioxide, and carbon 


3 and 4 appear 


as carbon dioxide However, the recovery of activity 1s anomalously 


low the glucose 3,.4-C'* used has a specif activity of 10.3 myc. per 


mg carbon, or 30.9 mpc. per mg of carbons 3 and 4. The specifi 


activity of the carbon dioxide liberated, 16.8, is substantially Ie than 


this expected value of 30.9 \ similar phenomenon has been observed 


in the recovery of C'*-labeled acetate from the fermentation of 


<ylose 


1-C'* by /. lint (8), and is at present not understood. 


I:nzymes of Cell-Free Preparations 
In all of the enzyme experiments the complex medium wa 


the reasons that cell yields are greater and the cells are more 


broken by grinding than is the case when the synthetic medium 1 


Aldolase, which splits fructose-],6-diphosphate to a mixture of 
| | ] 


triose phosphates, was determined (Taste IIL) by the formation 


rasie Ill 


F USARIUM LINI 


Fructose 1,6-d phe phate, 54 uM 
Fructose 1,6-diphosphate 54 uM 


* Complete system: cell-free extract 1.0 ml; tris(hydroxymeth 
butler (pH 8.5) 150 4M; hydrazine sulfate 160 uM ; water to 4.0 ml 
it time shown by addition of 0.4 ml. 50 percent 


trichloracetic acid 
se 





CocHRANE: DISSIMILATION OF GLUCOSE 
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nzyme Cot 
and adenosine triphosphi le presence 
nucleotide (DPNEH) ; le enzyme n 
addition l to reverse both reactions, an 
reduced diphosphopyridine nu leotide ; the pr 
be followed pectrophotometrically at 340 m 
prevent any forward metabolism of phosphog] 

In / lini this ¢ ay tor phosphoglycery! 
what complicated by endogenou reoxidation 
pyridine nucleotide, but the shi 
pho phate (ATP may be taken a vidence 
tions (] and (2 \s expected, todoa 
experiments, the sum of optical effects re 
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adenosine triphosphate and phosphoglyceri 


than 50 percent of that resulting 
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Paste LV 


ABOLISM OF PHOSPHOGLYCERIC ACID AND PYRI 


Ot ae 
Phosphoglycerate, J2 uM 
Phosphogl ycerate, 22 uM 
Phosphog! cerate 2 uM 
Pyruvate, 36 uM 


il system: potassium phosphate buffer (pH 7.0) 30 uM 
free extract 1.0 ml; water to 3.2 ml Temperature 30° C, ga 
120 minute 


F. lint by reason of the fact that pyruvic acid is rapidly decarboxylated 
(Taste IV). The other data of Taste [V show that phosphoglyceri 
acid yields stoichiometric amounts of carbon dioxide, that the reaction 


is inhibited by fluoride, and that adenosine diphosphate is required 


a phosphate acceptor \denosine triphosphate replaces adenosine di 


phosphate, presumably being converted to it by phospl ises present in 


the extract. Glucose, however, does not serve as a phosphate acceptor 


in place of adenosine diphosphate Phe rapid decar| ylation of pyru 


vate confirms the finding of Tytell and Goule tricotheciord 


pIsct SION 


‘rom these data it is concluded that the fermentation of glucose by 


/‘. lint can satisfactorily be accounted for on the basis that the Embden 
Meverhot pathway of anaerobic hexose catabolism 1 followed, and there 


is nothing in the data to indicate that some other pathwv 
postulated. The most convincing evidence 1 


isotopic carbon from differentially labeled 
of particular enzymes, and 3) the metabolr 
glyceri acid 

\s mentioned earher, it has been sugges 
Meyerhot sequence is of negligible importance, if indeed 
all, in the formation of ethanol from glucose by /usarium 
most recent summary of this point of view is that of > 
(26), who cite the following evidence 

1. It 1s not possible to detect uptake of inorgani phosphorus from 


) 


the medium by growing cells of F. lint until 5 days after the onset 


ot termentation 
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fourth, a 
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additional pathway whicl used under conditions different from 


chosen for experiment Vith regard to the fermentation of glu 


I. lim, it can, however, be held with some certainty that there 


present n idence which require the postulate 


pho pl mr # pathway he ame Come lusion ha 


(7 and for veast (18 
vidence for the occurrence and importance ot tl 
ry and actinomycete | lowly accu 
Compicte 


equence I 


robically Important enzy! 
Cur~ao pora crassa (19, 20, 
Isotope studies on Lhizo, 
opera lon) | 
The distribution ot 
tion in Penicillin ( 
in “1 ( is niger (28 
contribution of the Iembden 
In its oxidative metabolism 
the Lembden-Meyerhof pathway 
been found that the “hexosemon 
po ible the report (24 that 


another possibility for aerobu 


Resting cells ot kusarium lint Bolley terment yi e anaerobic: 
to equimolar amounts ot ethanol and carbon dioxide, two moles of each 


product being formed per mole of glucose supplied. The distribution of 
vluco e carbon is in accordance with the I:embden-Meverhot path Vay ol 


yeast and other organisms. I¢*nzymes demonstrable in cell-free extract 
include aldolase, triose phosphate dehydrogenase, phosphogly 
kinase, carboxylase, and ethanol dehydrogenase (other 


istent with the view that the conversion of | phogly 
pyruvic acid follows the E:imbden-Meyerhof pattern he tac 
known do not require that a second, non-phosphorylative 


anaerobic glucose dissimilation stulated 
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STUDIES ON THE MECHANICS OF GROWTH 
IN THE COMMON MUSHROOM, AGARICUS 
CAMPESTRIS 


] 1 
peen cuilti 


hye evi done 


In the case j 
moment, Atkinson (1906 
and Hein (1930a, 1930b) ha 
proce but it is difficult from tl 


] 


prehen lve view Ol the ae velopment 


been made recent] by Borr (1934 oO! 

lagot ( but much fundamenta Intormatior 
| ' 

yeneral 1 1] i ny ane 


' 
a more complete picture ot t 
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mushromns 


ve ghts were made by plac 


Dry 


105° C for fourteen hour 


RI 


It is well known (see, for instance, 
Jorriss 1934) that the zone of rapid elongation 


part ol the t 


The growth zone 
1906, Hein 1930b, and 
during mushroom development le 
below the cap \n attempt was mi here to identify thi 
precisely and follow it throughout - of development 
done by placing equidistant spot p the length of 
room at an early stage and then the llowed carefully 
e shaded 


out development 
The results may be seen in Fics. 1 and 2 
which the process 
and, therefore, the exact location and extent ot 
een at a glance for the different stage 


yeces of the 


area is that in of expansion actually taking place 
the growth zone can be 


mushroom, either total 


small 
cut out ot a 


It was found that 


could be 
h carmine and placed 


follow ing 


tudinal slices or smrll transverse segment 
piece, if marked wit 
1Onl 


vith Borriss’ 


room at stage B and that thi 
on moist agar, would undergo a small but definite expan 
l and 2 Chis 1s consistent 
oprinus logopus, isolated 


the pattern indicated in Fics 
even possible to excise 


(1934) discovery that at an advanced 


elongate independently 


tage in ( 


It 


stem or cap 
| Over a 


showed a tatt expansion 


the growth zone itself and it 


with the carmine dots and 


atest ¢ pansion 


day period. 
s| he { ap Wa 


after stage LB, 


tudied separately 
a gradient; the gre 
pansion in the central portion 

lu) 


to ¢ xpand in 


the margin and little or no « 
ortentation and size change in the hypha 
of the parathin 


) ripution 
) | 
| it nio}r ttl l alte } 1} 


opment i 
of various stages of the mushroom growth have brought 
to light but they do confirm the observations of tl 
they are pertinent here for a clear understandin; 
pansion described in the previous section 
beginning of 


Krom the very he button 
fmm high (Stage A in Fic. 1) the | ha » arranged tl 


There is some slight orientation 


mate ly 
in a most irregular tangle 


1 ¢] 


and the gap appeal 


out the mas 
LOW 


in the gill region for the gill 

the button is but 
When a button reac 

the 


ment of the hyphae in t 


Z With high 
hes a height fe) 





























16 Mycorocia, Vor. 48, 1956 
growth zone) begins to form in an oriented fashion, with the filaments 
lined up and down the stall By the time the button has 
this orientation in the upper stalk region is complet 
stalk remains a tangled mass of threads, and the cap appears likewise, 
although occasionally in a fortuitous longitudinal section, it is possible 
to see a considerable amount of radial orientation 

By stage B (Fic. 1) we have good evidence, which corroborate 
early statement of De Bary (1887), that there is no further increa 
the number of hyphae or the number of cells in the stalk region 
size measurements were made on an 18 mm and a 55 mm mushroom and 
the small increase in girth is paralleled by a corresponding increase 


girth of the cell - also the « «pansion of the central cavit with 


increase the girth in the middle region of the all Che increase in 
length is more difficult to analyze in that the cells in the growth region 
in the 18 mm 


! 


are consistently shorter than the ones below lor instance, 
mushroom the average of 24 measured was 23 » in the growth zone and 
+1 « close to the base of the stalk (but above the tangled portion), while 
in the 55 mm mushroom, the corresponding values were 43 » and 81 yp 
[f the extent of the growth zone is taken into account then there is a 
three-fold increase for both the total overall increase in height and the 
increase in length of the cells 

Presumably, then, all the arrangement of the hyphae has taken place 
by stage B (Fic. 1) and from there to the final mature size, there 1s 
simply an expansion of the cells in the filaments 

Further evidence for growth being by the elongation of the hypha 


If the heights of stalks of mushrooms at different stages of devel 


opment are plotted against their wet weights, as was done with 49 


mushrooms, the plot is reasonably linear (Fic. 3 This shows that 
of the three possible dimensions, one alone, that is, length, is being 
increased and therefore growth is largely an extension of the filament 

In the case of the cap, the growth l radial, in two dimension 3 there 
fore, if in the same mushroom the cap diameter is measured and then 
squared, and in turn plotted against the wet weight of the cap, one 
would again expect the relation to be linear. However, when this is 
done the scatter of the points is so great that it is impossible to demon 
strate linearity with any certainty 

Evidence that the increase in size and weight is more than mer 
water absorption We have now shown by two independent line 
of evidence that growth in the stalk is, after stage 
a matter of cell elongation. Now comes the question of 


pens to the cells so that they can lengthen namely, 1 it 
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in 


length 


stipe 
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simple water intake, or i 


in the soil? 


This question wa 


veight of the mushroom 


increases in direct proportion 
another w iV, Iiry weight vel 
out the « SIV inal growth period 
the vhole mu hroom (] ic. 4 but 
ured separately Therefore, it 3 


oil is totally dependent on 4 


lium and that water is t up only in proportion 


lhis fact undoubtedly account 


found in isolated piece 


water intake can occur 
ION 


The growth of the mushroom Agaricus campestru vas studied with 


the aim of obtaining a clear description of the mechani le proce 


First, by means of measuring mushrooms marked with carmine dots at 


regular intervals, the details of the location of the growth region during 


1,2 From paraffin 


different phases of growth were described (Fic 
ections 1t was possible to show that, following an earl; period of ran- 


domly oriented hyphae, the hyphae became oriented longitudinally in the 
growth zone and that from approximately the 18 m1 tage onward 
I] t i in the 


there is probably little or no increase in cell number (a 
talk), for the increase in cell size is sufficient to account for the total 


INCTCASE 1M S1ze The fact that increase in si imarily by ll elon 


gation in the stalk was supported by the 
5 Chis elongation of the cells wa 
ot materials from the mycelium in the 


proportionately with the wet weight (Fic 


In conclusion, it should be pointed out ‘ 1 a sense all the major 


problems of mapping out the overall hape of the mushroom 


and the 


laving down of the majority ot the cells 1 I ‘ very earl tage 
e 1 merely the 


and that the ubsequent three- to four-fold increase in s1 


expansion of specific parts of this preformed bud, which involves the 


ucking up of nutrient materials from the soil mycelium 
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SIMULTANEOUS SELF-STIMULATION AND 
SELF-INHIBITION OF UREDOSPORE 
GERMINATION 


elf-stimulation of spore germ rekiel, 1930 
and self-inhibition of spore get ation \ allan, 1930 
1954: Allen, 1955) ar bal 


nomena imultaneou ( 


1 


pores has apparently not been reporte 4 cout 


mulation and self-inhibition cat y be demon 


criterion is used for each In this study percent germination 


of verm tube are the eparate criteria u ed | 1A 


avor relatively high percent germination also favor further growth 
the germ tubes (Peltier, 1922; Anderson, 1934 The present report 


multaneous self-stimulation and self-inhibition 1s an exce 


rule but is really a combination of two phenomena ol uredospore 


have been previously reported independently (Ezekiel, 1930; ‘ 


1954 ) 


Da aill 
jaken trom 


containing 
from 0.2 to 160 pore 


volume 


germination and 


constant 
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Relation of spore dosage to percent germination and germ tu 
uredospores of Uromyces phaseolt. 


Coumarin (Allen, 1955), KMnO,, and Tween 60, when added to the 


agat plates, greatly increased the percent germination of heavily seeded 


pore but did not raise the ge rmination to the level of the thinly seeded 
pores 

lor length ol germ tube the average deviation of a single dete 
mination from a mean of 10 determinations on the same plate was 34 per 
cent as determined for 10 plates with germ tubes ranging from 160 to 


L060 p bor single treatments (plate the maximum deviation of 


individual values was 50 percent and the minimum deviation was 19 
percent Significance of differences between treatments rests principally 
on the repetition of differences in independent experiment In 


trials on different days with a total of 36 pairs of plates of which one 


member of each pair was seeded lightly (3 or less spore 


one member of each pair was seeded heavily 
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mm) the average length of germ tubes on the 
greater than on the lightly seeded plates in 
these same plates, the percentage germination on 
members of the pairs was greater than on the hea, 
of the pairs in all case 
In one trial the rate ot gro 
during the germination process ; le aver: 
of lightly and heavily eeder (10 germ tube 
value Va 19 and 21 up nour, re pectively, at 0 to 4 


seeding, 62 and 74 ur ; 5 to 6.5 hours after 


120 p per hour : to 7.5 after seeding, 


hour at 7.5 to 10 hours aft , The previ 
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PHYSIOLOGICAL STUDIES OF SOME FUNGI 
ASSOCIATED WITH POLE BLIGHT OF 
WESTERN WHITE PINE 
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ciated with western whit were considered 
reported in this paper are concerned with the physiological requiret 
of several form It was hoped that this work would provide an ea 
and accurate means of distinguishing the more pathogenic forms in addi 
tion to furnishing information on their physiology If certain fort 
prove to be specific indicators of pole blight, a simple method for recog 
nizing them as a group would be of primary importance in cot 
with future investigations of the diseas« 

The role that nutritional requirements play 
ships between host and the fungus parasite 1 


Nor 1 it known why one host plant ol a particu 


susceptible than another It is generally believed that t 


must not be resistant to the attacking organism 

host must satisfactorily fulfill the m lal requirement 
ite Whether or not the host supplies the 1 uireme 
pe ifically in what proportion the concentratior tf tood 


in it may help determine its resistance to the parasite 

\n examination of the numerous reports in the literature 
fungus physiology has failed to reveal similar work on the 
graphium Although some immediate comparisons are 

] 


genus Ceratocystis, a species of which 1s included in the 


generalization from the literature will not be considered here 


RChk O} TI T ORGANT 


The organism tudied be long to the common group 
cause both wilt and sap stain of many tree species. S 
known because of their ability to parasitize and kill living 
because of their common occurrence a taining organism 
ing in serious degrade in lumber and other forest products 

With the exception of the Ceratocystis isolate, the fungi used 
tudy belong to the genus Leptographium 

Since there appear to be several forms or varieties of Leptogra, 
on white pine and on other coniferous species in 
a separate study would be required to distinguish 
lore, no pec ie rharn have been assigned to these four 
morphologically they are somewhat similar to / 

Goidanich (4), who undert 
be relegated t 
impertect ar ) mannia 
it gener ame should be 


pularia and Hantschia shoul 
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Lk PFECT OF NITROGI SOURCI 


Organic Compound 

dl Alpha ilanine 

I( + )-Arginine monohydro 
chloride 

| \ par ivine 

l-Aspartic acid 

teine hydrochloride 

Glycine 

1(-+-)-Histidine monokydro 
chloride 

dl I oleur me 

l{ —)-Leucine 

I(+-)-Lysine monohydro 
chloride 

dl-Methionine 

dl-Phenylalanine 

I } Proline 

dl-Serine 

dl-Threonine 

I¢ ) Pry ptophane 

dl-Valine 

Urea 


-2D 
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A~I~I I I OC 
—> wh 
—Ma~ 

a? 


ame OC 


l 
I 
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Inorganic ¢ ompound 


Sodium nitrite 00.0 00.0 
Potassium nitrite 00.0 00.0 
Potassium nitrate 5 0.0 24.6 
Magnesium nitrate 15.4 16.1 
Sodium nitrate 14.4 

Ammonium nitrate 57.6 3 

Ammonium sulfate 51.1 40.7 


No Nitrogen lrace Trace 


Growth measurements are an average of the oven-dry yeelium V 
in milligrams, from 3 flask 
\verage weight did not exceed 1.0 milligram 


Despite this possibility, this type of inoculum was considered the mo 
suitable, with the facilities available and under the test condition 
Results LT ABLI IT] shows the amount of growth, oven-dry 
of mycelium, made with the respective compounds as nitrogen s« 

by the five isolates. The medium to which no nitrogen was added 

which served as control in the experiment supported trace amounts of 
growth ot the five isolates \s indicated previously, this is attributed 
to a nitrogen carry-over in the inoculum However, since no additional 


nitrogen source was available, the lung! ceased to grow alter produc ing 





growth 10 Krom this, one might pre 
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ot able to assimilate us nitrogen, but the te 


not considered 


nitrite-nitroget 
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ferred ecological associations increases, the adaptability and growth of 


a parasite in the host environment can better be understood and evalu 


ated by its physiological requirement The present studies determine 
some of the prerequisites for growth of the five isolates under iny 
gation. It should be recognized that additional work is desirabl 
define optimal and inhibitory levels of various nutrient, acidit 
temperature combination This, combined with additional host 
relationship studies, might explain why some Leptographium isola 
elective in parasitizing, to a limited extent, western white pine 
certain other closely associated tree speci Furthermore, at 
tion of why certain individual white pine trees and not other 
itized by this fungus may be revealed 
\ comparison of the nutritional 
with those of filamentous fungi in 
ordinary variation lhe vitamin deficienci 
are the ones generally occurring in fungi 
are of interest becau ie different require 
require biotin for 
required by No. 474 and thiamine by No 
ficiency J 605-2 and partial deficienci 
thiamine ‘ n ved Witl 
Y las no deticienci 
Kkobbins and Ma (12, o£ +] ) reported a complete 
biotin and questionable partial deficiencies of both thiar 
doxine in an isolate of C. pilifera from lumber in Louisiana 
of thi ame report ‘gra Pp. ¢ 12), howe ver, they reported 
pyridoxine, partial ( thiamine, and no biotin deficiency in 
organism. Presumably an error was made in the table because 


deficiencies listed on page 841 in their report more closely corre 


with the ones noted in No. &/4 used in tl udy Neverthel 
difference in thiamine requirements of the two isolates sugge 
intraspecific variation 

Utilization experiments with 15 carbohydrates and 25 nitroge 
pounds indicate some diversity in th : the organi 
use the various compounds for growth Phe Leptographium 
apparently have similar enzymatic potentials in being 
certain carbon and nitrogen compounds but differ in this re spect 
( ! The inability of all five isolates to utilize sucrose 
interest thi ] not ¢ ceptional t xcept lor 
Since this fungus alone can utilize raffinose, it 


five sugars, sucrose, melibiose, glucose, galactose, 
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on their respective abilities or inabilities to use certain carbon or nitrogen 
compounds. This basis would not appear to be of practical use in 
distinguishing between isolates of Leptographium; however, certain 
trends in possible differentiation were observed and would merit fur 


ther testing 


Divisio FoRES1 


Pub. No. 4. 1952 
Foster, Jackson W. ( hiemical 
Press, Inc., Publishes New York, N. Y 194 
Gill, Lake S., Charles D. Leaphart and Stuart R. Andrews. P: 
results of inoculatiot vith a species of Leptographium 
pine Forest Pathology Special Release N 1! 
Goidanich, Gabriele. 1! genere di ; 
f Forest Pathology Translati 
Patol. Veg. Roma N. S. 16: 2 
Graham, Donald P. [Distribution o 
Forest Service, Intermountain Fore 
earch Note No. | (Processed) 19 
Leonian, Leon H. and Virgil Greene Lilly 
Tung! |. Thiamin, its constituent nd t 
pathology 28: 531-548. 1938 
Lilly, Virgil Greene and Horace L. Barnett 
a1 164 pp McGraw-Hill Book Cor | 
Lindgren, R. M 


taining (erat 


lemperature 


ton 
Bull. 807: 1 
Robbins, William J 
Jour. Bot. 24 
and Virgene Kavanagh 
Bot. Review 8: 411-471 ' 
and Roberta Ma 
Bot. Club 69: 184-20 
Vitan 
ur. Bot. 29: & x4 194 
Shaw, Charles Gardner and Ernest E. Hubert 
jraphium-S copularia-Hant hia rm latur M vc 
1952 
Steinberg, Robert A. Growt! 
Review 5§ 27-350. 1939 
Growth ot tung: u 


R228 1950 





THE ASSOCIATION OF YEASTS WITH 
CERTAIN BARK BEETLES 
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There is now a vast literature de bing various aspects of tl la 
tionship between insects and microorganis! ee ¢e.g. Steinhau 1946 } 
Taxonomi studies on yeast issociated V1 bark beetle 
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hyphae and pseudohyphae, forms hat-shaped spores, which is not com 
mon in the genus Zygosaccharomyces. Rumbold (1941) studied the 
fungi carried by certain bark beetles and confirmed the presence of 
Z. pini. In addition several species of Candida (termed Monilia in her 
paper) were found in two species of Dendroctonus. The yeasts ap 
peared to promote the growth of Ceratostomella fungi on wood Lodder 
and van Rij (1952) considered 7. pini Holst synonymous with 2. pastor 
Guilliermond. However, Wickerham (1952), by using a larger number 
of carbon assimilation reactions, found seven compounds which Z. pini 
can assimilate, but which Z. pastori cannot. He therefore consider 
Z. pini Holst a distinct and valid speci 

It can be seen from the foregoing revi 
yeast flora associated with bark beetles is ¢ 
mentary Moreover, the taxonomic procedure 
have been revised considerably in recent yeat 
present paper is to discuss the yeasts associated internally with variot 
pecies of the bark beetle genera Dentroctonus and Ips, collected from 


different species of trees 


XKPERIMENTAIT METHOD 


Collection of the msect material: The majority of the material 
collected in Lassen and El Dorado Counties of Northern Californi 
(August 1952 and July 1953 \n occasional sample was taken fro 
Crystal Bay (Lake Tahoe) Sections of infested trees or bark con 
taining brood material were brought to the laboratory. It was found 
undesirable to remove beetles and larvae from the trees in the forest, 
since the intestinal content appears to be digested rather rapidly at roor 
temperature. ‘This finding is quite in line with similar observations ot 
Drosophila (Shehata and Mrak, 1952) and Carpophilus beetles (Milles 
and Mrak, 1951). Occasionally, if there was a delay between removal 
of the material from the tree and the time of dissection, the insects were 
stored in the refrigerator 

Dissection procedure; The procedure of dissection was adapted 


the one described by Miller and Mrak (1951 In order io avoid con 


tamination with yeasts and molds accidentally present on the exterior of 


alte? 


the insects, all isolations were made by streaking only the internal part 
of adults, larvae, pupa and callow adults. It was found that dipping of 
the insects for 5 minutes in a 0.5 per cent solution of HgCl, killed all 


the microorganisms adhering to the surface. After thorough rinsing 11 


sterile water the adults were placed, dorsal side up, on a sterile paraffin 


block, by melting a small area of paraffine and allowing it to harder 
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alter placing the beetle in the melted wax \fter removal of the elyt: 
lissecting needles the head was severed and a longi 


and wings with 
ut was made from the prothorax, 
gut \ scalpel made of a triangular 


tudinal ci through the metathorax ana 
abdomen, without severing the 
of razor blade attached to a glass rod was used for this purpose 
was. then widened with the aid of two needles and 
as pulled out and placed on a wort agar 


pulled apart with the needle Finally it was 
of sterile water over the surfa of the pl: 
dissected by placing It OT 

and pulling it 


then streaked 
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ometimes t 
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erythritol, adonitol, dulcitol, D-mannitol, D-sorbitol, alpha-methyl-D 


glucoside, salicin, gluconic acid, calcium 2-keto-D-gluconate, potassium 


5-keto-D-gluconate, D\_-lactic acid, succinic acid, citric acid and i-inositol 


Taxonomy of the yeasts: One hundred and sixty-nine isolates were 
obtained and identified. They are listed in TABLE | The sporulating 
yeasts (72 isolates) fell into the genera Hansenula, Saccharomyces and 


Pichia 


PABLI I 


OCIATED WITH THE BARK BEETLES IP 


ccharomyces pint (Holst) no comb 
Hansenula capsulata Wickerham 1951 
Pichwa ha ploph la* 


j 


Candida silvicola* 

C. curvala (Diddens et Lodder) Lodder et van Rij 
C. parap ile (Ashf.) Langeron et Talice 1928 

C. mycoderma (Reess) Lodder et van Rij 1952 

C. rugosa (Anderson) Diddens et Lodder 1917 
lorulop nitratophila* 

7. melilnosum* 

Rhodotorula crocea* 

Cryplococcu d fluen (Zach) Lodder et van hk 


Cr. neoformans (Sanfelice) Vuillemin 1894 


lotal number of tsolates 
* Described as new in present paper 


\ HANSENULA Thirty-six isolates were found to be imilar to 
H. capsulata. Our isolates of H. capsulata fit the description of the 
species given by Wickerham (1951) except for two of the strains, which 
failed to utilize alpha-methylglucoside This was tested both by the 
auxanographic technique and the replica plating method Rhamnose 
was utilized by only 18 of the isolates. These compounds were reported 
by Wickerham to be assimilated sometimes weakly 

3. SAcCCHAROMYCES: Thirty-two isolates were found to be similar 
Zygusaccharomyes pint Holst (1936). This species was placed in 
synonymy with Zygosaccharomyces pastori Guilliermond by |odder and 
Kreger van hij However, Wickerham (1952), on the basis of more 
extensive carbon assimilation reactions, has expressed the view that the 
two yeasts are distinctly different species. On the basis of information 


regarding the carbon assimilation patterns of the two authentic specie 
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kindly made available to us by Dr. Wickerham, our isolates were clearly 
identical with Zygosaccharomyces pini. /-xamples of compounds as 
similated by Z. pint but not by Z. pastori are cellobiose, D-ribose, 


1-erythritol, adonitol and salicin In view of the proposed elimination 


of Zygosaccharomyces as a genus or subgenus by Lodder and van ky, 
with whom we concur, the isolates should be named Saccharomyces pini 
(Holst) comb. nov We should like to point out that the inclusion ot 


poorly fermentative yeasts (glucose fermented weakly and the other 


sugars not at all) with distinctly hat-shaped spores in Saccharomyces 
seems rather illogical. If the organisms produced a pellicle on malt 
extract and formed a pseudomycelium they would fall into the genus 
Pichia. The same situation existed in /H/ansenula until Wickerham 
(1951) showed that there were species belonging to this genus without 
pseudomycelium and film-forming ability. On similar grounds it may 
be desirable to modify the definition of Pichia to include non-film 
forming and non-pseudomycelium-forming yeasts with hat-shaped spores 
If this were done S. pini could be transferred to Pichia 

C. Picuta: Three similar isolates were obtained belonging to this 
genus. Two cultures were isolated from one individual of Dendroctonus 
jeffreyi and the third from /ps emarginatus, both in jeffrey pines. Be 
cause of the absence of fermentation, the presence of a distinct and dull 


film on liquid wort and alcohol medium and the formation of hat-shaped 


spores with a short brim, the organisms belong in the genus Pichia 


The isolates have, however, the unusual characteristic of not producing 
a pseudomycelium or the long cylindrical cells associated with a pseudo 
mycelium. In this respect the isolates form an intermediate position 
between S. pini and a typical representative of Pichia (cf. discussion 
of the S pm isolates ) Based on these characteristics and the assimi 
lation of both glucose and galactose, the organisms form a new species 
Since the vegetative cells conjugate almost invariably prior to sporula- 
tion we propose the name Pichia haplophila, Culture 52-17 has been 


designated as the type 


Pichia haplophila sp. nov 


‘ 


Conjugatio heters 
Cellulae vepgetativas 
matur super media 

lermentatur 
mannitolum, et sorbi 
lactosum et 


finditur 
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Growth in malt extract: after 24 hours, cells globose to oval, few 


elongate cells present, 1.8-2.5 x 2.5-5.0 y, single or in clusters. Com 


plete thin dull smooth pellicle. After 3 weeks complete film and heavy 
sediment. Streak cultures on malt agar: after 3 weeks at 25° C greyish 
to cream colored, smooth, dull, pasty, cross-section convex rather spread 
ing, border entire Slide cultures on potato agar dextrose: no pseudo 
mycelium formation. Sporulation: spores formed easily on wort agar 
after heterogamic conjugation. Asci rupture readily after maturation, 
releasing 2 to 4 hat-shaped spores which have a rather short brim 
spores may clump together in masses. Fermentation: absent. Carbon 
compounds assimilated: glucose, galactose, D-xylose, L-arabinose, D 
arabinose (latent), D-ribose, ethanol (with the formation of a thin, dull, 
white film), glycerol, i-erythritol, adonitol, dulcitol, mannitol, sorbitol 
and Ca-2-ketogluconate. The other carbon compounds are not used, 
f 


Added vitamins are required in synthetic media. Assimilation of mi 
trate: absent. Splitting of arbutin: absent 


The non-sporulating yeasts belong to the genera Candida, 7 orulopsis 
Rhodotorula and Cy yptococcus, 

D. Canpipa: Ninety-one isolates were placed in this genu Of thi 
group, 70 could not be identified with any known spe ies and they are 
here described as C. silvicola because of their common occurrence in the 
forest. Of the others, 15 were similar to C. curvata, 2 to C. parapsilosis 
3 to Candida mycoderma and 1 to C. rugosa 

Candida silvicola appears to be the most common yeast isolated during 
our survey Sixty-nine of the isolates had a similar assimilation pattern 
and were also otherwise identical, except that the streak cultures on malt 
agar varied in texture from soft to rather tough and in degree of glossi 
ness and pseudomycelium formation. One culture had an atypical as 


similation pattern, but it was felt undesirable to describe it as a different 


pecies at this time. C. silvicola was found in species of /ps and in 
pecies of Dendroctonus in all pines studied. Since these yeasts are 
nitrate positive, they were compared to species of H/ansenula (Wicker 
ham, 1951). They show some resemblance to HH. silvicola although 


there are certain differences, primarily in the assimilation of certain of 
the additional carbon compounds introduced by Wickerham, and by the 
failure to produce ascospores. If judged only by the criteria used by 
Lodder and van Rij (1952), the organisms might be considered as 
imperfect forms of H. silvicola. In view of the discoveries of several 
haploid mating types in species of Candida by Wickerham and co- 
workers (1951, 1954), groups of our isolates were mixed on various 


sporulation media. This technique did not induce our strains to sporu 
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The isolates of C. mycoderma and C. rugosa agreed well with the 


descriptions by Lodder and van Rij except that the last species has a 


reduced pseudomycelium 

I. Torucopsis: Three isolates, of which two were identical, belong 
to this genus. Both species were distinctly different from any of the 
described members of this genus. The single isolate could not be identi 
fied with any described species of Torulopsis, since it 1s non-termenta 
tive or ferments glucose only extremely weakly and it assimilates glucose, 
galactose and nitrate. Because of its good growth with nitrate as the 
single nitrogen source the name Torulopsis mitratophila is proposed 


It was isolated from D. monticolae occurring in Pinus ponderosa 


Torulopsis nitratophila sp. nov. 


In musto maltato cellulae rotundae ad ovoideae, 1.8-4.4 * 2.1-5.2 4, singulae, 
binae aut catenatae. Pseudomycelium nullum. FPellicula non formatur super media 
liquida. Fermentatur glucosum exiguum. Nitras kalicus assimilatur. Glucosum 
galactosum, trehalosum et adonitolum assimilatur, at non sucrosum, maltosum et 
lactosum. In medio cum alcohole aethylico non crescit Arbutinum non finditur 


Growth in malt extract: after 3 days at 25° C cells oval to spherical, 
single, in pairs and in small clusters, 1.8-4.4 x 2.1-5.2y. No pellicle, 
but a thin ring and a moderate sediment are formed in older cultures. 
Streak culture on malt agar: after 3 weeks greyish to cream colored, 
smooth, glistening, pasty, low convex with an entire border. Slide cul 
tures on potato agar dextrose: no pseudomycelium formation. Fermen- 
tation: only glucose is fermented (latently). The following carbon 
compounds are assimilated: D-glucose, D-galactose, L-sorbose, treha- 
lose, xylose, L.-arabinose, D-arabinose (weak), D-ribose (weak), rham 
nose (latent), ethanol (latent), glycerol, adonitol, mannitol, sorbitol 
The other compounds are not utilized. Starchlike compounds not syn 
thesized, added vitamins are required in liquid media. Assimilation of 
nitrate; positive. Splitting of arbutin: negative. Acid production on 


chalk agar: negative 


The other two isolates belonging to Torulopsis were morphologically 
rather similar to 7. pinus Lodder and van Rij, but after our isolates 
were compared with the type species of 7. pimus numerous differences 
in carbon assimilation reactions were observed. The cultures have the 
rather unusual property of utilizing inositol as the single source of 
carbon. In addition it has the remarkable ability of utilizing melibiose 
well, but not the corresponding trisaccharide raffinose or sucrose. Be 


cause of the last mentioned property the name 7 orulopsis melibiosum 1s 
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Rhodotorula crocea sp. nov 


In musto maltato 


Pseudomyceli nullum llicula 1 formatur 
fermentatio Amylosum non formatum. Glucosum, galac 

maltosum, cellobiosum halosum, melezitos et acidum gli i assimilatur, 
non nitras kalicus et lactosum ! dio cum aicohole aethylico cresci Arbuti 
num non finditur Cultura (post i , circa 25 O glabra, 


non mucosa 


Growth in malt extract: after 3 days at 25° C cells are oval to long 
oval, 1.8-3.5 K 3.5-7.0 yp, single or in pairs. In many cells the ratio 
ol length to width is 3 or 4 to 1 \ ring and sediment develop gradually 


and occasionally a thin pellicle forms. Slide cultures: on potato agar 


PaBLe II 


MAJOR YEASTS ASSOCIATED WITH VARIOUS SPECIES OF IPs AND Di 
DURING DIFFERENT STAGES IN THE LIFE CYCLE. A ADULTS BEFORE EMERGENCI 
\l \DULTS CAUGHT IN FLIGHT; L LARVAE; P Pupake; CA CALLOW ADULTS 


DROCTONUS 


Figures in parentheses indicate imber 
vielding no yeasts ( ) 
* Isolations not ittempted 


dextrose no pseudomycelium is formed Streak culture: on wort agar 
after 3 weeks the color is dark vellow, surface smooth with transverse 


semi-glistening, texture pasty but not slimy, form convex with 


Fermentation: absent. The following carbon com 


sectors 


entire border 


pounds are assimilated: glucose, galactose, sucrose, maltose, glycerol, 


5-ketogluconate. Cellobiose, treha 


gluconic aC id, Ca-2 ketogluconate = 
and citric acid are used latently. Other 


lose, melezitose, D-mannitol 
tested, including ethylalcohol, are not used \ssimi- 


carbon compound 
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< potassium nitrate absent Splitting of arbutin 


positive 


vere obtained belonging to the genus ( 


hey produce starch-like compounds under suitable condit 


ferment The two isolates of Cr. diffluens and the 


neoformans (:; rom Dendroctonus beet it hondero 
criptions given by Loddet 
| | | 
named organism 1 usually isolated from human cases of crypt 
although Emmons (1951) has reported isolations from soil 
Ecology of the yeasts: In Tables IT and the relatior 
sented between the four principal species found and the beetle 


tree from which they were isolated 


PasLe II 


ISOLATED FROM SPECIES OF DENDROE 


Becau c l | the ur \ it 1 not po 


definite conclusion the association of certain speci 


with certain bark beetle ind the trees in which they occu There 1 


little doubt, however, that H. capsulata and C. silvicola are of the most 
; 


general occurrence, since they were isolated from beetle 


studied. The fact that Pinus lambertiana is an exception 1 


ie 
since ily ; if unple was taken from this pec 


was also of general occurrence, except that it 
beetle collected in Pinu ( ‘ Whether thi 


cope ol the *SenCce 1 certain cor 
oleore i! the major con 
turpentine ot / ‘ Vii S. pint might be set | 


dee ided at the { Tit ) A ould al is) be worthwhile to confirm the 
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observations (see Taste Il) that S. pin appears be the most n 
mon yeast in LV). brevicomis and ( lacola wi most prevalent in 
I. oregqom In )). monticolae, on the other hand, all major species of 
were found 
It is also interesting that yeasts were isolated regularly from the 
: 


non-feeding metamorphic stages, such as pupae and callow adult 


‘TABLI Il and [V ) Since the exterior of the brood material was 


1\ 
DISSECTED I fH DIFEFERE?D 
rHE CORRESPONDING (MBER OF YI 


\dults in flight 

\dults before emergence 
Callow adult 

Pupae 

Larvae 

Potal 


fully sterilized, it must be concluded that the yeasts are more intimatel 
associated with the beetles than merely forming a part of their nutrition 


during the feeding stages. 


DISCUSSION 


lhe findings show that the 169 yeasts isolated from certain species 
of the barkbeetles /ps and Dendroctonus occurring in various species of 
Pinus in northern California, belong primarily to 3 well-defined species 
of yeasts, viz., Hansenula capsulata (36 isolates), Saccharon 
(32 isolates) and Candida silvicola (70 isolates). sesic 
pecies, everal miscellaneous yeasts were present in 
Of the miscellaneous group 4 yeasts were described a 
they could not be identified with any of the know 
posed names are Pichia haplophila, Torulopsis 
melithosum, and Rhodotorula crocea 
kor the classification of the yeast we have 
ystem of Lodder and van Rij (1952) and for Flan 
erham (1951) The disadvantage of the first 
yeasts with distinctly different biochemical properties often are grouped 


together in one species, because of the rather limited number of physio 


logical reactions used \n example of this is the ryrouping together of 


». pastort and S. pint by the Dutch workers. Since S. pini appeared 
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C. rugosa (1), 7 orulopsis nitratot Iila (1), 7 melibiosum (2), Rhodo 
torula crocea (1), Cryptococcus diffluens (2), Cr. neoformans (1) 
The results tend to show that S. pini is the most common yeast found 
in D. brevicomis and C. silvicola is most prevalent in /. oregoni, while 
D. monticolae contained representatives of all three major species of 
yeast. Certain typical physiological properties of the yeast isolates 


are discussed 
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THE PERFECT STAGE OF HORMODENDRUM 
PEDROSOI 


Hormodendrum pedrosot Brumpt is a polymorphic, imperfect fungus 
of the family Dematiaceae, and is one of the agents of chromoblastomy 
costs, a chronic dermatitis of man that is endemic in tropical and sub 
tropical regions, Cases have been reported, however, in temperate 
regions, as in New Zealand, South Africa, Russia, and the United States 
For the reason that this fungus varies so greatly in the type of repro 
ductive structures produced, it has been given at least 7 different generic 
names and 6 different specific names. The confusing problem of it 
proper nomenclature and classification, therefore, has long awaited the 
discovery of a perfect or ascosporic stage Recently Ajello and Runyon 
(1953) found abortive perithecia in the closely related Phialophora 
verrucosa Thaxter \lso Karrer and Conant (1953) found cleisto 
thecium-like bodies in an isolate of H. pedrosoi that had been main 


tained in culture for several years in the Laboratories of Medical 


Mycology at Duke University. However, asci and ascospores never 


developed within these bodies even though they mated numerous strains 


Nevertheless their observations stxmulated us to search for ascocarps in 


cultures isolated from cases of chromoblastomycosis in Cuba, and also 
in cultures sent to us from other areas \s a result, certain 


train were 


found to produce fertile ascocarps, and the present purpose is to report 


these findings and their inte rpretation 


MATERIAL AND METHODS 


The material studied consisted ot 16 isolates of [7 pedrosot obtained 


trom cases ot chromoblastomycosis In Cuba, 15 ot which were made 


available by Dr lose \lfonso \rmenteros and the other one by D1 


Fernando Prespalac 10S The tissues of lesions in all cases contained 
dark. nodular, sclerotic bodies, characteristic of the pathologic al finding 
in this disease. For comparative study, an isolate of H. compactum 
Carrion, supplied by Dr. N. F. Conant, Duke University, and one of 
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Phialophora verrucosa, sent by D1 . Ajel Public Health Service, 
Atlanta, Ga., were examined 

The cultures of H. pedrosoi, at the time of our first examination, 
had been maintained without transfer for periods varying from 5 to 


36 months All had been grown on Sabouraud’s dextrose agar, 11 in 

tubes with cotton stoppers and 5 in tubes with cork stoppers All 

everely desiccated, those in the cork-stoppered tubes being 

less desiccated \ll were transferred to tube sh Sabour: 

containing 40 g dextrose, 10 g peptone to ] 

antibiotics (500 micrograms of Actidione SO unit 

160 units of Streptomyci ) suppress aminating fungi present 

some of the culture \ll cultures were maintained at room tempera 
, 


ture. The strains called Jacomino and N ISS5 were also plante 


maize meal aval ()n these media 4 tsolate . No 63] 1885. N3 


Jacomino, produced th ascocarps and conidia All culture 


o-called sclerotic cells, a ‘ unknown amony non pathogen 


cies of Hormodendrun \ strains, No 969 and 103 formed 


clerotial bodies and conidia \ll strains bore conidia characteristi 
i) | H pedro ol 


Krom time to time atter black bodice . the a cocarps, bevan to ippeat 


in the cultures of Nos. 637, 1885, 832, and Jacomino, direct micros« p 


examinations were made by removing these bodies, and crushing ther 


to disclose their content by pressing upon the cover gla Also, micro 


cultures were prepared and examined repeated y to tollow the cours 
of ascocarpic and conidial development \s another means of following 
their development, materials were appropriately fixed, embedded in 
ffin, sectioned, and stained 


Brief consideration will 


producing isolates, as follow 


No. 631—This isolate was a 35-month 


in which the medium had shrunken in volume 


half It contained nun , Spherical, black bodi 


im. Size The mallet Orie 15 to 604 in diamets 
ippeared to be sclerotial throughout Che large 


Fic 4 1) , measuring 12 200 ps in ciameter,. and, 


ound to be empty | vielded a pore laden, vellow: 
ontent (Fic 2, Phe ( pore vere pre Lime 
ven though no as¢ for hey were renifor 


aterally and elongate-elliptical when seen dorsally « 





5% ViyCOLOGIA 


were dilute brown and measured 8.4-10.5 * 3.2-3.8p (Fic 
The crushed empty fruit bodies revealed that the wall was constituted 
of several layers of thick-walled, dark, polygonal cells (Fic 

When this isolate was transferred to fresh media it grew 


only immature ascocarps were found after 4 months 


w* 


Fic. 1 A. Microascus pedrosoi in culture on Sabouraud’s agar. B. Conidio 
phor« and 


conidia of the Hormodendrum pedrosoi stage. C. Sclerotial body tron 
which conidiophores are borne. LD. Ascospores, one of which has germinated 
E. Mucoid material in which ascospores and asci are embedded, 


No. 1885—This strain was represented by 3 cultures in cor! 
stoppered tubes, one of them 2 months old and the other two 34 month 
old | ach contained ascocarps like those in No. 631] When some ot 
them were broken open, it was noted that they were filled with a 
mucilaginous spore-laden material which contained also numerous, 
intact groups of 8 spores without a defined enveloping membrane. Six 
plantings were made on maize meal agar and 3 on Sabouraud’s agar 
to which sufficient lactic acid was added to lower the pH to 4.3. My 
celial growth proceeded slowly and remained sparse but after 4 weel 


ascocarps began to form on these acidulated media, [Eventually they 
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(Fics. 1, B; 2, A) \nd when some of these ascospores were planted 


in tube cultures they again gave rise to ascocarps in abundance 


Blocks of agar containing ascocarps were removed from 3-month-old 
cultures, were fixed in formalin, embedded in paraffin, sectioned, and 
stained with haematoxylin and eosin. These sections, on examination, 
showed the following leatures (1) The ascocarps are globular but 
provided with a papilla or beak (2) The wall is composed « 

+ layers of dark, thick-walled cells (Fie. 2, ¢ (3) A pore « 
through the ascocarp apex, providing an ostiolum (4) Groups 
ascospores, lacking a definitive enclosing membrane, are disposed 
different levels throughout the ascocarp, 1.€., they are not arranged in 
a hymenial layer at the floor of the ascocarp (ic. 2, C) 5) The 
medullary portion of young ascocarps in which ascospores hz 

formed, consists of thin-walled fungus tissue, presumably “nurse” 

(6) Paraphyses and periphyses are lacking. (7/7) Groups of ascospores 
in 8’s occur near the walls but are not found near the center of unopened 
ascocarp (8%) As the nurse tissue disappears, beginning in the central 
part of the locule, it is replaced by mucoid material which together with 
the ascospores fills the locule before an opening is effected. (9) On 
opening, mucoid material and embedded ascospores accumulate in mass¢ 
at the ostiolar orifice 

No, &32—This tsolate was a 4-month-old culture, completely dehy 
drated, in a cotton-stoppered tube. Many ascocarps were present that 
were of the same shape and size as those in the other fertile cultures 
When they were crushed no asci were seen but ascospores were abun 
dant Three transfers of this isolate were made to Sabouraud’s dextrose 
agar, In only one of which asco arps began to develop after 15 day 
even though the other two cultures were maintained for 7 months no 
fruit bodies were found 

Jacomino This 24-month-old isolate in a cork stoppered tube 


in good condition and bore many beaked ascocarps approximately 275 » 
in diameter (Fic. 1, A In addition, there were spherical bodies wit] 


septate hyphae extending trom their surface (Fic. 2, H) Conidio 


phore arose from the surface of some of these spherical bodies (Fic 


1,C;2,). When the fruit bodies were fractured under a cover gla 


ovoid 8-spored asci lacking a definite ascal membrane were freed. These 
asci and ascospores were similar in size and shape to those of the other 
isolates (Fic. 1, Ie) 

Three transfers of this strain to Sabouraud’s dextrose agar were 
made, and after 7 weeks the colonies of each were velvety and dark gray, 


and mature carbonaceous ascocarps were abundantly present. Sections 
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STUDIES ON TRICHOPHYTON TONSURANS. 
I. THE TAXONOMY OF T. TONSURANS 


Ringwort 
an increasingly imp 
(15 Sin MN linical ; pee ‘ 
recent publication (22, 23, 35, 36 the 
general, the fungus invades the 1 
adults and produce 
These infections may 
seborrhea, eczema, lupu rythematosu 
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\ccurate diagno Is 1 dependent upon direct ¢ 
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rather call it Trichomyces from the Greek words meaning hair and 


fungus.” He stated, however, that he preferred the name / richophyton, 


Since the second name was only suggested and not recommended, it 
hould be discarded. Although Malmstem did not isolate and grow the 
fungus in culture, validity of the species and the name Trichophyton 
tonsurans has been assigned to him by most of the later authors who 
have studied the fungus from the disease he described 

Unfortunately, loose usage by early workers of the name 7. ton 
surans for fungi isolated from various clinical entities led to much con 
fusion and error in the taxonomy of this fungus and its many morpho 
logical variant Mégnin, for example, in his early studie 
in animals, in 1878 (29) pointed out that there were two 
of Trichophyton which were responsible for ringworm in 
comunon ringworm of the horse, which he stated had the 
teristics as that seen in dogs and cats, he ascribed to 7. ton 
the fungus agent responsible for ringworm in cattle, he gave 
I’, depilans. Mégnin’s use of the name 7. tonsurans for 
ringworm in horses was indeed unfortunate 
of the disease, as well as his drawings of hat 
chains of spores 2 to 3p in diameter on the outsides of the hairs, n 
it very clear that he was dealing with an ectothrix Trichophyton, prob 
ably 7. metagrophytes, which we now know to be a common cause of 
ringworm in the horse. The 7. depilans which he described from cattle 
ringworm appears also to be an ectothrix Trichophyton. Here the spore 
on the outside of the hairs averaged 5 to 6 in diameter. This fung 
was probably the same organism which Bodin later described clearly and 
named / VECVVUCOSUM, the hungu we now know ; the common ca 
of ringworm in cattle 

Nine years later, in 1887, Megnin, in collaboration with loucher 
(5), again described ringworm in cattle Here, however, he used 
name / epilan for the causative agent; but his de scription oO 
ease in the calf, as well as the manner of the hair invasion, 1 
with that ascribed to 7. deptlans in the earlier pape Both 1 


I’. epilans and 7. depilans, must be considered as nomina ambigua, 
cultures were not described, and even the author himself seem 


been uncertain as to whether he had two different species producing 


the same clinical picture 
Many later authors were influenced, 


of Boucher and Mégnin and somel 


trichopl yton were found associated 


epilans indeed was later equated with the 
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culture craterttorme and 7 i cullure acumines he illustrations 
descript he ectothri ungu 1 ly A h | licat 

plions ol the ectotnhrix tungu Irom Calve whl 1¢@ Indicate 
Tl. ectothrix a culture jaune craqueles vermiculayre 


the fungus depicted was probably 7. mentagrophyt It 


as producing a fairly flat, rapid-growing granular colony 
| 


microconidia which were eas! disseminated from the surtace, 


howed many “sketchy” (abortive) perithecia. The yellow color 
irregularly folded surface is not uncommonly seen in 7. mentagrop/ 
trains isolated from animals 
In 1894, ko enbach (37), a German worker, described evel tie 

specu ol LT richot hyton (one of the sc, / / licans justisporum, has been 
thought by some authors (10, 28) to be a fungus similar to 7. tonsuran 
and it has been placed in synonymy with 7. plicatile of Sabouraud 
However, Rosenbach’s descriptions of the disease it produced and _ the 
fungus itself are very inadequate The characteristic of producing 
“many spindle-shaped spores’ makes synonymy with 7. tonsurans very 
doubtful. The highly folded surface of the culture is certainly not 
enough evidence for deducing relationship with this organism. The 
species described by Rosenbach should be considered as a nomen nudum 


Blanchard in 1896 (3) reviewed these early studies, and described 


a form similar to Sabouraud’s 7. d culture acuminée. Wowever, he 
wished to give the organism a true binomial and named it 7. sabouraudi 
in honor of Sabouraud 

In 1902, It. Bodin, a student of Sabouraud, published his book, “Les 
champignons de I’homme” (4). Here he redescribed several species 
of endothrix fungi, giving binomials where these had been lacking in 
the early papers of Sabouraud. He proposed the name 7. crateriforme 
for the 7. a culture crateriforme of Sabouraud and, ignoring the 7. 
sabouraud: of Blanchard, proposed 7. acuminatum for Sabouraud 
Tl. a culture acuminé: He also, according to Sabouraud (40), gave 
the name 7. flavum to Sabouraud’s 7. jaune craquelée vermiculaire 
Chis later designation had been given earlier by Sabouraud to cultures 
which he had isolated from horses and from humans who had had con 
tact with ringworm infected horses. In these cases the infected hat 
had been clearly of the ectothrix type Bodin apparently thought he 
was dealing with an ectothrix fungus, since he considered the 7. depilan 


of Mégnin as a synonym Llowever, Sabouraud, in 1910, seems to have 


changed his mind about his early 7. jaune craquelée vermiculaire and 
decided that this designation as well as the 7. depilans and T. epilans of 
Mégnin -eferred not to an ectothrix fungus but to an endothrix organ 


ism He rejected the name 7. flavum, proposed by Bodin, as not beins 
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chains of nearly round spores which easily dispersed when the hair was 
placed in KOH. 

Other authors (24, 28) have carried on these ideas and have made 
a great point in associating certain clinical pictures with individual spe 
cies. In the discussion below, it is pointed out, however, that these 
studies and those of other contemporary workers show that correlation 
of colony types with manner of hair invasion, resistance of the mycelium 
to KOH, or with specific clinical signs is entirely fallaceous. 

In the years following Sabouraud’s studies more than 12 other endo 
thrix species have been described: 7. ochropyrraceum, T. fuscum 
T. bicolor, T. cineraceum, etc. It will be noted that the species names 


chosen, as the earlier names, are largely descriptive of some striking 


morphological feature, such as pigmentation of the colony Indeed, 


there is little evidence in the various descriptions of any fundamental 
differences among these “species” to warrant considering them different 
from one another. The microscopic morphology, although poorly de 
scribed for many, shows little differences beyond what one might expect 
to find within the normal range of variation of a fungus species. 

Recently, a number of workers have made an attempt to bring logi 
and order to this problem. Carrion and Silva in 1944 (6) made excel 
lent progress in this direction. These authors described and illustrated 
very clearly that variations in colonial form were common in isolates 
of 7. tonsurans. For example, changes from the radial to the cerebri 
form type folding, or from the cerebriform to the crateriform type and 
vice versa, would sometimes take place in subcultures of a single isolate, 
and occasionally in sectors developing in a single colony. They sug 
gested, therefore, that since the type of folding was variable in a single 
isolate it was an undependable criterion for specific diagnosis. They 
also pointed out that other differential features among described species 
such as degree of branching of the fertile hyphae and the relative abun 
dance of chlamydospores, would seem to fall within the range of species 
variation. In conclusion, they suggested the possible synonymy of 
various species described in the literature such as 7. tonsurans, 7 
sabouraudi, T. flavum, and possibly others. 

In 1945, Gonzalez Ochoa and Romo Vazquez (16) accepted the 
synonymy suggested by Carrion and Silva and urged that all of the 
organisms of the “Crateriform Group” be reduced to one species, 
I’. tonsurans 

Among the European workers, this reduction of species has not 
been so readily accepted. The Spanish workers, Matilla and Pejia 


Yafiez in 1950 (28), however, have urged a reduction to four species 
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T. tonsurans, T. epilans, T. sabouraudi, and T. sulfureum, and have 
listed all other named species as synonyms of these 

However, a more recent publication from Spain by Pereiro Miguens, 
1954 (34), advises the use of the single name, T. tonsurans, to include 
all four of these “species.”” He suggests, however, that colonial varia 
tion may be designated by the use of variety names, e.g., 7. tonsuran 
var. sulfureum 

Due to the fact that there has not been complete acceptance OT speci 
limits in this group, there still is considerable confusion in the literature 
with regard to the number of valid species. For this reason it was felt 
important to review the problem, and to determine as clearly as possible, 
by morphological, physiological, and clinical studies, the number ot spe 


cies that were founded on sound criteria 


EXPERIMENTAI 


Included in this study were 13 strains recently isolated from different 
specimens of endothrix hairs received by the Communicable Disease 
Center for diagnostic study \ll of these isolates appeared typical of 
the “Crateriform Group” and had been tentatively identified as T. ton 
surans. In addition 26 cultures of species within this group obtained 
from various culture collections were also studied. These strains are 


listed below 


(1) Communicable Disease Center 
13 recent isolates 
(2) Sabouraud Collection, Paris (through the kindness 
tute Pasteur, Paris, France) 
crateriforme (2 isolates) 


cerebriforme (2 isolates) 


] 

/ 

I. sulfureum 
l’. plicatile 
] 


flavum 

Tl. fumatum 

l. effractum 
rotundum 

ndon School of 
R. W. Riddell, 


sulfureum 


icumiunatum 


fumatum 





Myco.oacia, ‘ 





utum (1 
epiuans 
ireoiatum 


flortf rome 


\ll cultures were studied on Sabouraud dextrose ag 


fis 


described when first isolated or upon receipt from the cul 


tions Variety names were assigned to each on the basi 
configuration, migmentation, etc., as they approximated the descriptior 


in the literature for the various species lor example, of the recen 


isolated strains: 2 were of the crateriform type, 1 was a cerebrifor 


type, 3 were atypical sulfureum types, and 4 appeared to be int 


types not fitting any of the described speci Of the na 
most of the isolates appeared to be characteristic of the 
represented Howe ver, all of the isolates labelled 7 ul} 
two, had no trace of the characteristic yellow pigment, but 1 
sumed that they had once had this pigment or would not have been 
classified \lso, four isolates had become partially pleomorphi 
transters, however, with careful selection of powdery areas broug 
except three strains into sporulating conditior 

Single spore strains were made from the 36 sporulating 
selecting isolated microconidia according to a method pre 
scribed (14) It was felt that the use of single spore ct 
be valuable in comparative morphological studies and in 
tions that might occur in pure strains while undergoing 
spores were s¢ lected from each isolate [ 
veloped from the eight spores appeared 
original culture a few cases, however, 
would give rise to colons vhich appeared to 


the others in the group ()ne colony trom tl 


lected rot eacl group | 


characteristic wa r 
trains then was studied to determine its characte 


copl morpholog The micro copie 1 orpholog 


surface pigment but 
riod: left to right, crater 


110 Tl. acumimatum 
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The microscopic morphology of 36 strains studied on a variety of 
media showed no essential differences and all conformed rather closely 
to the description given for 7. tonsurans in Part II of this paper. What 
variations did occur appeared to be referable to the state of the culture 
at the time studied. For example, microconidia and macroconidia were 
most numerous in powdery cultures. Cultures with downy or felt-like 
surfaces produced fewer spores, and fluffy cultures showed very few 
microconidia. That the cultures could pass from powdery-surtaced 
colonies to downy to fluffy forms in any sequence was seen in the long 
term study of these single spore strains. In the fluffy cultures the 
microconidia were extremely thin and delicate, but if by careful sele 
tion a powdery culture was obtained the microconidia again appeared 
typical of the species. Macroconidia were observed in 20 of 36 strain 
Their production was greatly stimulated by the use of Wort agar 
(Difco). Variation in the form of the macroconidium was remarkably 
great both among the different strains as well as in a single strain Phe 
morphology of these structures is described and illustrated in Part II 
of this paper. It will be noted that variations within a single strain 
were as great as those among the 20 strains studied. It was found also 
that no particular microscopic morphology could be associated with an 
one colonial type 

ach of the 36 strains was serially transferred on Sabouraud dextrose 
agar every 10 to 14 days over a period of 2 years, and any variations in 


colony type were noted If a variant was obtained, it was held and 


subcultured, and a new series was started from the parent strain. At 


the end of the two-year period, 30 Sabouraud dextrose agar slants were 
planted from each strain as well as from each of the variants that had 
developed from them 

Results indicated that most of the transfers were identical with 
parent cultures, which would indicate considerable stability of the 
type However, in all cases a number of colonial variant 
duced by each of the single spore strains, with the exception of 4 strair 
which had become pleomorphic early in the study some of these 


variants had become quite stable, although a few vert after 


( veral 
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transplant The variants developed by single spore strains were dis 


tinctive enough to warrant designations as different species on the basis 


For example, a typical crateriform 
A typical 


sulfureum type gave rise to a cerebriform and a crateriform type \ 
Some of the 


larye number of indeterminate forms were also produced 


of the descriptions in the literature 
type gave rise to a cerebriform as well as a sulfureum type. 


] ) 


i, 2 
Physiological studies were also carried out with these isolates Chis 


vork has been reported in a previous paper (42) and will be reviewed 


variants obtained from single spore strains are illustrated in Fics 


here only briefly, as the findings have some bearing on the taxonomy ot 


1. tonsurans \ll 36 strains were studied on vitamin-free media and 
amino acid-free media, to which the various vitamins and amino acids, 
respectively, had been added. Results indicated that all the members 
of this series had similar nutritional requirements. One striking char 
is a partial deficiency for thiamine which could be replaced 


acteristic Wi 
All of the strains had this 


only by certain pyrimidine compounds 


deficiency which was not found in the dermatophyte species, 7. rubrum 


and 7. mentagrophytes, which were used as controls. This require 
ment for thiamine for various isolates of the “Crateriform Group” has 
been reported previously by Mariat and Drouhet (27) and by Sullivan, 
Bereston, and Wood (41). These findings give further evidence for 
the very close relationship of the various colonial types in this group 

It will be noted that in the case of some of the “species” obtained 
from culture collections, only one strain was available for study. In 
most instances these cultures fitted so closely into the group that there 
was no doubt as to their close relationship to the others. In three in 
tances, however, the only available isolate was pleomorphic, or nearl) 
0, and did not conform to the morphological patterns of the other 
Kor example, 7. circonvolutum developed an apparently pleomorphic, 
white, fluffy culture, and no spores were produced on any medium 
studied Although pleomorphic strains of 7. tonsurans exhibit littl 
timulation by thiamine, this strain did show some increase in growth 
on a thiamine-containing medium. In the case of 7. areolatum, the 
culture was again white and fluffy, but a few delicate microconidia could 
be obtained on wort agar. This strain also showed some stimulation by 
thiamine. 7. floriforme was in the form of a white, fluffy culture with 
out spores, and showed a slightly different nutritional pattern. Her: 
the organism showed a deficiency for thiamine, but also was deficient 
for another vitamin, pyridoxine 

\lthough morphological identity with the other strains thus could 


not be demonstrated for these three “species,” 7. circonvolutum, 7 
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vhich the hair specimens had been collected 
gations showed no correlation between the ty 
variant obtained from it Che sulfureum variety, 
isolated from suppurative lesions, dry and scaling 
lesions, and lesions which resembled lupus erythen 
of association of a colony t pe with a consistent clinical 
| others in this counts 


been noted by Pipkin (35) and 


tudied in 


endothrix hat 


Type of hair invasion was also relation 
of culture isolated No particular type of 


sociated with any one colonial form 


a well a hort, thick 


lor example, long | 
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filled with mycelium, 
spores, occurred in specimens which g: 
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TRICHOPHiYTON TONSURANS Malmsten, 1845 (26) 


ces tonsurans Malmsten, 1845 (nomen nudum) (26) 
Oidium tonsurans (Malmsten) Zopf, 1890 (46) 


Il rich ph yion sabouraudi Blanchard, 189¢ 3) 
Trichophyton cratertforme Bodin, 1902 (4) 

lrichophyton acuminatum Bodin, 1902 (4 

Trichoph regulare Sabouraud apud Favera, 1909 (11) 
lr hoph fumatum abouraud apud lavera, 1909 (11) 
lrichophyto wcatum ural 1910 (40 

Trichophyt jonum Sabe aud, 1910 ( 40) 
Trichophyt riforme Sabouraud, 1910 ( 40) 
lrichoph nvolutum Sabouraud, 1910 ( 40) 

l riche pl on } clum Sabour: l, } { 40 

Trichophyt wnilicatum S$ ural 1910 (40 
lrichopl 1 cn | iraud, | (40 

ir hophy on ial ou 1, 1910 (40 
Trichophyton sulfureum Sabouraud, 1910 (40) 
Veotrich n plicatile (Sabouraud) Castel 
Veotrichophyton flavum (Bodin) 
Trichophyton ochropyrraceum 

Trich if hyton rotundum Mac 
Chlamydoaleurosporia crateriform 

lleurosportia effracta (Sabouraud) Grigor: 
lleurosporia acuminata (Bodin) Grigoraki 
Aleurosporia plicatilis (Sabouraud) Grigoral 
Trichophyton fuscum sulcatum Neuber, 192 


lrichophy rotundum MacCarthy, 192 


lrichoph f (Ale ‘rosporta) effractum 


(21) 


utulum 
richophyton areolatum Negroni, 
jermen I. Gregorio 
riforme Beintema, 
riforme ( Beintema) 
Tricl ih " sscum Dodge, 1935 (10) 
Eindothrix craterttorme (Bodin) Orbtel, 
I:ndothrix acuminatum (Bodin) Orbtel 


I:endothria ulfureum (Sabouraud 
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TONSURANS 


follow ing 


| \ undoubtedly also 
urans, but in 


reter t 
ynonymy because they are 


onl ice red 
Nutrition 


(42 





rl) 


deficiency for thiamine which giv further evidence 
One strain required pyridoxine ; well 


It is interesting to note that hyphal t tud made with 


members of this group by Taschdjian and Muskatbl (43) give further 


1 
1? 


support to the hypothe I that many of th Spec 5” described in the 
literature are synonyms of 7. tonsuran 
Practical applications of these morphological and physiological 


in the laboratory identification of 7. tonsurans are discusséd in 


of this paper 
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SPECIES OF SYNCHYTRIUM ° 


UNDESCRIBED 





montium 
Adams, akima Washing n, Septem be r 


11 


, ‘ , , ' 
herbarium specimet Ind loaned to the a 


the St: f Washins uksdort 


11 
| 


in the fall, it is possible thi pecis 


the spring and summer m How 
found, it is regarded b 
basi the present tudy 


Synchytrium polemonii |] 


ting pore 


120 160 p, or 


, 
petioi 


protruding prominent! 


irrowly to broadly crateriform 


far thi ; ; 5 ) described 
family Polemoniaceace The sizes and shape 


the range of variations reported tor 
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«cur on several hundred species in 33 families of flowering plant 


most Conspicuous difference to be noted is the lac k of residue ; 


resting spore of S. polemonti (Fic. 1) and its abundance in 
However, this difference is an expressio1 iost reaction, and until both 
pecies have been grown on the same hosts, it 1s impossible to determine 


how significant this difference may be. 


SYNCHYTRIUM ON SPECULARIA 

This species was collected by H. S. Jennings on Specularia perfoliata 
at College Station, Texas, Ap 24, 1890 According to Cash (1954 
Jennings apparently sent it to Ellis for identification, and as far as the 
author knows it has never been described in the literature Herbarium 
pecimens were secured from the U. S. Dept. of Agric., through the 
courtesy of Dr. John A. Stevenson, and accompanying this 
a note on S. nitidum which presumably was written by Eh 
thickly scattered over both sides of leaf, hemispheric-pustuliform, 
shining purplish black. ach containing a single large (150-200 p 
resting spore.” In examining the specimens the author found an abun 
dance of black pycnidia of a fungus imperfectus on the leaves and onl 
few scattered Synchytrium galls. 

The galls contain only resting spores, and inasmuch as the material 
was collected in April in Texas when sporangial sori would probably be 
present in a long-cycled species, it is quite possible that S. nitidum 1 
us Pycnochytrium 
few galls in the material at hand are usually single and scattered, 


rarely aggregate and confluent, composite and multicellular, narrow! 


hort-cycled species which belongs in the subgen 


crateriform at the apex, and protrude conspicuously 


1 


Lhe heath is 2 to 3 cell thick, and its cel 


larged. ‘The walls of the epidermal cells : round the apex and 
the gall may be up to / 2p thic] , th wall of the infectec 
quite thick, 4—5 p, as shown in Fic resting spores ar¢ 


ubspherical al in shape and almost fill the infected cell, and the 


residue around them is usually sparse on the basis of tl limited 


information S. nitidum may be 


perduranti 


120 pw 





spherica 


moot 


gern 


omposi e] 


tered, rarely 


craterilorm 


, biflora, Baton Kougt 
| 
t 


l the first speci 5 to he « 


) aurewn 
genus | amily Campat 


and fort 


hort- 
nitidum 1 
un until it 


his connectio! 


fiduint on 


foll 


| 
pul 





Spegazzim. Only resting spore 
material Phe resting spores are solitary 
YO 172 p, OT oval, 115-140 x 160 1/70 p, 
wall and coarsely yvranular content \ 
enveloped by a 10-22» thick, dense and almost homogeneou 
residue which may fill the remainder of tl) cell 
cracked by almost radial line 

tered on both surtace l lea ‘ nal agy! 
fluent, protruding, subhemispherical or broadly dom«e 

high b 240 1se p broad, and usually narrow ly crateriiorm 
The base 1 embedded in the leaf tissue and frequently ca 

ite side of the leaf to protrude (Fic. 4 All gall 
multicellular with a sheath 3 

epidermal cells around the protruding portion of the gal 

thick : and the other heath « lls are markedly enlarged | 


put 
However, because of their thin walls they were collapse« 
barium material, and it is impossible to determine ther 
It appare nt that the galls in Tra y's specimens are 
in Saceardo’s and Spegazzini’s material the; 
vranule-like and confluent Also, the resting spore 
are considerably larger 
()ther so-called pecies ot Synchytrium have been 
times on Plantago, but it is not certain that all of these one specie 
yynchytrium aureum has been reported on 7. psyllt in Italy ( Passerini, 
1881), P. lanceolata and P?. major in Germany (Schroeter, 1885), / 
alpina in Switzerland (Kytz, 1907, 1932), P. virginica in Chil } 
1908) and 7’. major in Sweden (Hammarlund, 1932 Pri 
reports Sorokin (1877) described S. punctum on P 
In 1919 »pegazzini collected a pecies on IP’. media 
\rgentina, which he labeled S. plantaginicola. In a 
material the author (1955a) found only resting spore 
Che resting spores in this material are usually solitary, oc 


i cell, oval, 59-72 oe 105 p, ubspherical, 115-156 uv 


06 w thi k, smooth brown wi: I}, I vellow to hyaline , COal 
content, and are enveloped usually ‘ yp thick layer 
lhe gall occur on both surtace 
aggregated and confluent and 


dominantly composite, 192 liam. ‘ by 140-400 


rarely simple. Accordingly, the sizes of the galls approach closely those 


in Tracy's specimens Furthermore, the walls around the protruding 
portions of the gall are up to 10 » thick, and the other sheath cel 








SIBBALDIA PROCUMBI 

\ species of Synchytrium on Sibbaldia procumben 
Raper and Cooke (1954) in their report of the mycologi 
Wyoming. In examining infected plants of this host collected 
C. G. Shaw, August, 1950, in Wyoming, the author found whi 
possibly be two distinct species of Synchytrium. The most 
one induces the development of dome-shaped or almost hemi 
brilliant, dark-lavender-red composite, narrowly crateriform, 
broad by 58-168 » high, resting spore galls (lic. 6 
cells thicl These occur singly and scattered but are 
and frequently confluent on both surtaces « 
longitudinal sections, such galls sometime n “sit” on palisade 
or me ophyll paren hyma, but in most gall ie low : ] mbedded 
in these tissue In the latter cases the me 
quite probably stimulated to divide like the 


gall are COMpo ed of the enlarged infected cells and derivatiy 


epidermal and parenchyma cell In some galls, on the other har 


heath appears to have been derived almost exclusively fro 


dermi That infection has a marked 


influence on the epiderm: 
is quite evident in all gall Normally, these cells are horiz 
elongate, 20-38 « 10-14 p, but in the vicinity of isolated 
tween two fairly close galls they are elongated vertically or 


very narrow, meristematic in appearance, and thin-walled, 


cates (Fic. 6) that several transverse divisions of the original ce 


occurred Usually, the epidermis in such regions has a distinct pa 
arrangement, and the thin-walled cells which compose it are often tran 
versely divided 
Whether or not these are resting spore galls is not absolutely 
because what the author interprets as resting spores within them 
very thick-walled and do not contain the usual coarsely granul: 
plasm Instead, it is usually densely alveolar in appearance 
ori or prosori This may possibly be due to immaturity of 
or to the fixative used, but the author 1s regarding the 
ing spores for the time being 5 
pherical, }2 57 pf, mm hape, Wl 
fill the infected cell only partl and ; enveloped b 
amount of residue in which the degenerating host nuclet 
No sporangia were found in law’s material, and from 


thi pecies seems to he hort-cy ‘ | to belong in the 


Pycnochytrium However, since tl material was 





inh app arance 


dry out, the 
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of the infected cell. In longitudinal sections of the dried galls they 


are 
usually collapsed and irregular in shape (Fics. 8,9). The amount of 
residue around them is usually sparse, and the degenerating host nucleus 


may occur above or below the spores (fics. 8, 9). These spores are 


very similar to those of the other species on Stbbaldia procumbens in 


appearance, content, structure and size However, the two species 


differ in their effect on the host Outside of causing | 


marked enlarge 
ment of the infected cell the second speci ause 


but little reaction in 


the adjacent healthy cells, whereas in the first one the epidermal cells 


are affected for a considerable distance from the galls (Fic. 6) \lso, 


the first species causes greater proliferation of the healthy cells whereby 
a thicl heath is de veloped around the infected cell Accordingly, the 


two species cause different reactions in the same host, and on this basi 
they appear to he different specie 


NCHYTRIUM ON 
Synchytrium namae sp. nov 


poris perdurantibu li V valibu 


diam., parictibus levibu granular; ge 
pecimen ty Herb. State ( ervatum 

a cell, spherical, 
J/2yu, witha st ooth, 5-8 Sp thick, layered 
wall, and coarsely granular content; usually 


Resting spores usually solitary, occasionally 2 in 
36-78 p, or oval, 24-50 x 32 


enve loped by a cde nse homo 


geneous, reddish-brown layer of residue which may fill remainder of 


host cell; germination unknown, 


imply monogallic, resting spore galls numerous, separate o1 


gated, oval, 1s 65 x 52 84 pp, oblong, 52 HO kK BU YO pu, obpyrifort 


s% «x OO 72 ph, or aln { spherical, 38-65 pu with a thin hva 


On leaves and petioles of Nama hispidum, Starr Co., Te: 


The host of thi pec was collected by Drs. L. Constance 


C. L. Lundell in a desert scrub 10 miles west of the Rio Grande 


in Starr Co., Texas, and in examining the distributed herbarium 


mens of this plant Dr. C. G. Shaw found some of its leaves to 


fected by a species ot Syne hytrium which he gyenerou ly 
author \s shown in Fics. 10-12, the 


1 
I 


imple unicellular gall 
by S. namae are smaller and generally more globular than those cau 


by other simply monogallic members of the subgenus Pycnochytriun 


In dried material the galls and their resting spores look like minute 
shriveled reddish-brown berries (Fic. 12) lhe resting spores (Fr 


13) have an unusually thick, layered wall and 


Il 


are enveloped by a acnise 
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thicl No protuberances, opening 
have been observed 
According to the author 1955d 
tion of S. namae and S. echu there ar 
cu l ubgenu ’ucnochytrium ( 
forme, S. musicola, S. echu . nycthantid 
have 


latter 


S. musticola 
maller than those 
e of this overlapping of spore 
determine whether or not the fun; 
problem 1s further complicated by 
lic species are not fully known 


pec a speciiic nan 


Ina previou pub cation (1955a | iuthor report that ‘ 
unable to find thi pec ) YaZzZini material, but a more thorough 


<amination since that time revealed a fe val WI 


a small area of one leat Spegazzini (1909) des 


Iichium plantagin um in Argentina a LOOM 
obsoletae indefinitae pallescente \ uculae hypoph 
nde gregariae non raro confluentes, subsuperficiale 
(2 Op dm papillulo ae, @ Ce I] 
efformatae testaceac porae perdurante 
olitariae globosiae primo hy: 
JO wp m.) dense minuteque 
roe; 

present observations confirt 

of Synchytrium Only 
material studied Vhe ul 
were found in the infected cel 
ovoid or ellipsoidal, 66 w, with 
thicl wall and coarsely content (] IG 
and sectioned material they w frequently coll 


ills they were 
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and the gall 


different host 
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TYPE STUDIES OF THE POLYPORES DE- 
SCRIBED BY KARSTEN 





My OLOGIA, 


ANTRODI 


ERENA, I. FF. Fenn. Medd. 6 


1 "W171 


material 1s ample and, as well know 
p. 007 8, p. 69; 11, p 144 24 p 


peck ynonymous with Portia aneiri 


( ooke 


,TRODI 


[RRO 


The type specimen appear 


l‘omes pintcola (Swartz ¢ 


hie type specimen 1 Polyporu 


european mycology Lloyd (25b, p 


porus albellus Peck trom the description 


but adds that pe rhap a better dispositior 


LBOROSEA, Hedwigia 28 


a poor malformed pecim 
icle red ‘ ynonym of Pol poru amor} hii 
31, p. 153). The external characte 
| 


) 


allantoid spores, oe os 


} ; 
fporu Wot Per 


pecimen is very badly 
the upper surface and fragment 
Karsten’s illustration (18b, no 
has been referred to Pol 
31, p. 185 and 18), and it was unknow 


fertile, and it seems quite certain, 


pecimen ] a young trigose 








10)? Ibycortor 0 ; | 
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.1ER ER 4 K ‘ | | kent ‘ Q- 
1 ) 
} 
| ere iré md wel ‘ ‘> 1 er ‘ r rstel iter t thre 
} 
e oul packet hu mia have pec thie ~ teri ( Drive ‘ 
()ctober 1860, 1 elected a CTOTYPI ithoug! thie te ( n 
correspond ell to “hieme n the type deseriptiot ) eve 
’ , , ' Dp 
the oni collection unde the name ot / pallé on cl ) ( ce CO 
idered and it ery pale in color Phe other packet irl ( 
ire the me thin Karsten (19a, p ale) placed tl ! mo ‘ 
id, horu Hl mens bern (Pe poru Piepile { Petr ( le rae i 
Pilat (31, p. 161 onsiders it a doubttu non of the 
p> [ ) 
1 hye ctol jp pec el / Piddile { / j ) 11 ( L 
| rope ! ! colos | 
| 1wrjc 
SJ ERKANDER Hedwigia 34:7. 189 
lhe t pt material is not lout Karster mn the orivil esc! 
tion, note \ Bierkandera chionea (¥1 cd em) proxime acced 


digno cIiLu! 


— 
— 


pellicula pile: statin 


he \ ¢ vide pore mica 1] ! 


MIERI i! ROSELON ( 
The type is a ngle packet ol ampi iterial W On condit 
Karsten (21, p. 129 later considered it a riety of 71 
le re Donk (9. p. 166) and Pilat ah, ft ced I est 
ible nonon vith Polyporus amorphus brie 
he type material appears to agret it] j nov lurs 
Wiehe hora Overh . ind the nanic 1 prio he per ( re ( 
developed than im most \merican collectiot I’) ri } 
Karst.. is a younger, thinnet condition of the ume plant 
Dr. Ruth Macrae has kindly comy red the tvpe matet +] 
jon ! and aL find that the poro] ore Oo / ) j ( 
pt ired chalk incl Hire ibstantia the | poi heie ore Iten tht i 
ind of more irregular wall thickne nd the spores perhaps some 
ore slender than in /’. montice she neertain of the no 
l hese iriatio do not excet those toune n other collect 
/ Th i that | ( eel conn er ) { ral et | 
sane anneal ertail 
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conic pecimen 


hon 
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cription and collection d: 


Polyporus dichrous Fries 


weathered, and sterile 


blac kened by ‘ Xpo ure 


CATI Trav. So 


\mour Soc. Imp. Russe Geog 


, 
ingle specimen of Polyporu 


usua Bondarze 





ue ha 
remains ; the 


pore 


IAL I 


\RILG 


d’Amout 


SON 


Imp 


The type specimen 


nine, taint 


i 
zonation 
cription in the 
and the 


de 


j 
ley? 
r 
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Fomes AblETIS, Bidrag | 

Only one specimen agrees witl 1¢ type local data and tl 
Jacobstad, is designated the LECTOTYP! is the annual form ot loa 
pint (Thore ex Fri Karst. on spruce, 
lections so determined by Karsten 
of one which had renewed growth 
had changed It is not evident from the 
the species in the genu ome The specie 
(3, p. 633; 4, p. 89; 9, p. 252; 25b, p. 277 
I’, pint (1b p 127:2 p 384: 30, D. 79 Bt, 


pint (28, p. 111), to which position the writer 


omit ANDERI, Finska Vet fv. korh. 46(11 


Phe type material is in two packet evidently segregate 


collection The speci was unknown to Llovd (25b p 


pecimens are fertile and are the same as 7rametes subrosea 
determination kindly confirmed by Dr. Ruth Macrae Kar 
] 


has priority, as Weir's name was publi hed in 1923 


’yconoporus mumicus is the same plant 
kom ROK! rus, i } mn} Jat. Folk 48 1, 


Thi pecies wi u a single sporophore 
noted by Karsten (17, Pp. / 4 lschn.? dryadeun 
Karst. and later determined to be a distinct speci 
vas broken and divided between four packets, only one undet 
ran lhe sporophore is an old and weathered one, with a 
alony the hymenium and with rare ventricose setae about 16 
lhe species is certainly correctly interpreted by all later writer 


p. 424 and 11, p. 103; 2, p. 361; 3, p. 616 8; 25b, p 


Phere ] no ¢x ait peciinie 
in other herbaria, and im addition tv 


men so named by Karster 








Vly COLOGIA 


JNONOTI LPHUREOP 
46(11) 1904 


Phe type, a Iragment ot % porophore, 1 lyporu 


erie Pilat (31, p. 620) considers it ; uncertain 


INONOTUS TRIOQUETER Var. PURPUR 
48: 33] 1X89 


The only collection, the type, 1 


poor condition, but surely 1 


ries) Irie Pilat (31, p 


IP’, tomentosus F ric 


INONOTI P . Finska ‘\ v. Forh. 46(11 1904 


There are two packets in the Karsten material, segregates apparently 
of the same collection. The fungus is a labyrinthiform condition of 


Tramete protracta ries 


INONOTI ULPINUS var. HI 
238 882 
The type was not found 
the name to Polyporus inonotus Karsten without explanation 


name was also used by Lresadola (6, p 


LENZITI 
LLENZITES AMBIGUA, ‘ FF. Fenn. Acta 27(4 
rhe type material is adequate and fertile, and appez 


form of Polyporus alnetinus Dicks. « Fries, as Pilat 


also referred it 


LENZITI AR NA, ‘ KF, Fenn. Acta 


The t pe collection is a small form ¢ 
ries with woolly upper surface Pilat (31, p 
doubtfully to a lorm oft Polyporu albietinus Dick 
darzew (2, p. 566) refers it doubtfully in 


didum {. lenzitoideum (Murash.) Bond 


LLENZITI PINICOLA, Trav. Sous-Sect 
d'Amour So« Imp. Russe Geog, 8 
There are two packet - both apparel 

The fungus is a tomentose, sulcate form 


Irie . but with pore omewhat small 
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PHYSISPORUS 
PHYSISPORUS ALBOATER, Hedwigia 31: 293. 1892 


The type of this is a form of Poria sanguinolenta (Alb. & Schw. ¢ 
Irie Cooke that blackened at the pore surface when it dried 
Another collection so determined by Karsten, but from another local 


ity, is wholly different It is sterile and its identity 1s unknown 


PHYSISPORUS ALBOLILACINUS, Hedwigia 31: 220. 1892 


The type is a younger and thinner condition of Byerkandera roseo 
maculata. Dr. Ruth Macrae has kindly compared the type material 
with Poria monticola As compared with that species, the sporophore 
of P. albolilacinus is very similar in macroscopic appearance, but the 
majority of the hyphae are thin-walled, with only a few thick-walled 
and with evenly thickened walls, in contrast with P. monticola, in which 
most of the hyphae are thick-walled with the walls fairly regular in 
thickness. She is uncertain of the synonymy These differences appear 
to be within the permissible range of variation within the species, and 


it is considered the same as P’oria monticola 


PHYSISPORI AURANTIACUS Vat ALOISENSIS, Rev. Myc. 9: 10 1887 


The type material is adequate and fertile. Pores about 5 per mm; 
pore hort-cylindrical to narrowly ellipsoid, 4-5 X 1.5-2y. The plant 
has been considered the ame as the specie by several workers (2, p 
269 ; 3, p. 665; 5, p. 77 |as P. nitida (Pers.)]|; 31, p. 398). The type 
agrees with the usual concept of /’. aurantiaca except as to size of pore 
which are “minuti” as Karsten describes them. This difference is 
carcely enough to separate a variety, particularly in a species that 
changes so markedly on drying 


It should be noted that the varietal name was misspelled “taloisen 


in the original description 


PHYSISPORUS CAESIO-ALBUS, Hedwigia 22: 177 1883 


) 


The type material is the pale resupinate form of Polypo 


as many others have stated (1j, p. 194; 
31, p. 273 and 275 


ISPORUS CRA s, Bidrag kann, Finl. Nat. Folk 48 


Chere are 2 collections in the Karsten material that could 
ered type They are the same plant apparently \ 


porophore, labelled June 6, 1872, 1s tertile, in better 





probably 


the Riksmuseet 
Bourdot and (;al 


the pore are ¢ 





112 


vhich had evidently grown on 
are consequently poorly developed 

along the hymenium, one cylindrical 
ibout 3 s Sy. The latter 1s considered 
| 


incrusted cystidia in the hyn 


non Phvystsporu uteoalhu 
origin: | ription 


eet, thie 


(dctober Pa ) ‘ i) i! 


where he compared his plant to Porta 
1} 


econd plant is the yellow Porta which 


took for the pect i concept which ha 


p. 380 and 11, p. 148 ind Baxter (la 


No name 1s known for the 
name ot Porta flavicans Karst 
| | 


wel cle cribed ¢ ‘ 


PIHYSISPORE 


Phere are 
formed the 
arliet 
Cooke, one 
referred to [? 


the last, but with different 


Che original ¢ 


are the only one 
] 


clected 


annotated 
40 hie eCcit 


(la p. 176 ind 


po Win 


al yrion 
con wlered po ible 


lyre adola (4. p 


with (la, p. 202; lg, p 
p. 154; 31, p. 402; 35, p. 644) 
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{as a variety of P. calcea\ ), and Starback (37) Jaxter variously refer 
it to P. biguttulata Romell (1a, p. 202), to P. xantha (1d, p. 257) and to 
P. luteoalba in the sense of Eriksson (1m, p. 136), and Pilat (31, p 
144) considers it a doubtful synonym of P. «antha (Fries) Cooke, “teste 
Romell” (published ? ) jondarzew (2, p. 174) refers to Eriksson’s 
description and evidently accepts it. Lundell and Nannfeldt (27, Nos 
1826, 1827) accept it 

Karsten’s description of the spores “oblongatae vel subellipsoidea 
rectae ; longit. 3-6 mmm., crassit. circiter 2 mmm.” fits only the mate 
rial with large cystidia, and Eriksson has surely correctly interpreted 
the specie 


The species is apparently antedated by Physisporus variecol 


Pry ISPORUS MAKRAULO Val -IGROMARGINA . Bidrag | 


Nat. Folk 37: 58. 1882 


The type specimen was not found According to Pilat (31, 
and 364) this name was used for forms of the plant now kn 


lomes annosus (Fries ) Cooke 


PHYSISPORI MICROSPORUS, I t ‘orh. 46(11 

1904 

The type, only specimen in the Karsten material, is sterile, but other 
wise agrees wholly with Poria nigrescens Gres. and is considered 
synonym of it. Bondarzew (2, p. 51) recognizes the specie 

It should be noted that the published name is a typographical error 
The original packet spells the specific name “micropora” and the original 
description states that the pores are “minutissimi,” but gives no infor 


mation on the spores 


PHYSISPORUS MOLLUSCI *BOMBYCINOIDES, Fenn. Medd 
11: 21 1X84 


The two packets in the Karsten material, presumably both part of 


the type collection, agree with Porta vaillantu (DC. ex Fries) Cooke 


' sf) 4 
) ) 
I 


The specimens are sterile, but otherwise typical Pilat (31 
apparently considers this a variety of Porta mollusca (Pers. ex Fri 
( ooke 


PHYSISPORUS NITIDI *PH. VITELLINULUS, Bidrag kann 


Folk 37: 59 1882 


\pparently a change of name tor P. vitel whicl 





Low! 


PHYSISPORUS TENER, Re 


The type specimen 
Poria corticola (tri 
ymy with Porta eupora 
34, p.12). This specie 
by Karsten (20a, p. 14¢ 


“TRODIA) TUBER, Hedwigia 24 


poroid pecimen 


I 


or po ly a distinctive 


in KOH 


(Karst 
(Schw.) Cooke 
Additional material 
are Poria subacida 
pecie 
been considered nonym 
31, p. 400) o its variant 
10c, p 
31, p 
opinion 
pecimen 
— * 


cites 





\) YC OLA 


Physisporus nitidu *Ph. vitellinulu 


packet with exactly the same label except 


sented 


lor name a 


P. vitellinu It is the same plant and appears to have been 
the same collection \pparently the renamed, 
explanation or reference to the previou 
The variety wa iccepted a a 

as Portia vitellinula Vlostly wen considered 
the /’oria unita , 

154), 2. medulla-panis (31, 

pulchella (3, p. O34 8. p 


Phe type packet contain 


PODOPORIA CONFLUEN Hledwigia 


Phere are two packet 
They are poor sterile pecimen 
ynonym vith Portia sanguinolenta Alb 
(9, p 158: $i, p 248) but the context hyphi 


in that peci pore must | I 


" 


lifferent 


ound determin 
certainty, but otherwise it agrees well wi oria pannoci 


Non 


pecimen agreeing v description 


name, but a specimen under a herbarium nam 


pletely and is considered the type Phe speci 
ynonvmy with Polyporus hiennt 
31, p. 596), to which it probably 

no chlamydospores and no cystidia 


Phe plant is a malformed specimen, with very poor 


of tube It is unknown to me There are two specin 


later and so named by Karsten and they too are indeterminable 


POLY POREI 


POLY PORELLI \LBULUS, Hedwigia 33 1894 


hie sing le pecimen of the type appeal 


to bea pale centrally 
tate torm oft Polyporus floriformis Ouél 





Po Y PORE! 


Kiahkta, 


I he type pecu 


the specihe nam vas 
varius, and specimen 
group ot related speci 


1’O!.Y PORE! 


the 


he type 1 ¢ 
has been called Polypo agicola Murt 
a much larger specimet relation 
Irie 


Polyporus squamosu 


I 


group 


Swartz ex Fri 


POLY PORELI 


1882 


9 6 
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damayed by insects but is fertile and is | with certainty 
mete ertialt Ie rie It ! entirely dis 1 ‘ 4 amorpbhu 
consistency and internal structure 


\nother packet annotated “N. Helsingfors, pa Pinu stubbar 


‘ 


Herb. W ‘ylander” is the same, but a third packet, with 


ame label as the latter specimen, is sterile and appear 


hispida Bagl. (surely a repacketing error 


POLYPORI 


25: 272 


There : ; pecimen which may la\ heen considered 
the original cription. Five of these are apparently alike 
fertile one is selected as LecToryreE, collected at Wasa | 

cystidia and by texture appear to be a different 
no determination was made 
The concept is the one current in | at Americ: 
pecies (la, p. 211; 2, p. 173; 3, p. 676 
31, p. 447; 34, p. 13) 

It should be noted that P’olyporu ‘lal ‘ a prior 
according to the Friesian material at ala, which agree 
detail except it is sterile I am indebted to Seth Lundell 


ideration of this specie 


POLY PORT urorus, Fungi Fenniae _ Cent. VII, Ne 


The exsiceati specimen at ‘ ! elected a the LECTOTYPI 
Century VII is lacking at Helsinki: 2 collections dated 21 October 1866 
are the same plant and all agree with the long accepted concept (la p 
210; 2, p. 170; 3, p. 678; 26, p. 26 27, No. 67; 29, p. 45 31, p $55; 34, 

12 It is said to agree with Porta bl 

36, p 10), or to be a variety of it ’ ), 
nitida (11, p. 151), and Romell believes (36, p 

identical with Pol, rhodellus Fr. and Porta nitida 

Poria micans Kehr.” It seems best to use Karsten’ 


a Is certain 


POLYPORUS FIBRILLOSUS, Sydv. Finl. Polyp. 30 


The type material consists of one-half of a small sporophore 
isa val pec a has long been iccepted lm p 


p. 558; 28, p. 70; 30, p. 381; 31, p. 142 oyd (25b, p 


Karsten was confused 


12 
| 


34 


pes 1¢ 


material is consistent 
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VPOLYPORI OMMERFELTH, Soc. F. F. Fenn. Medd. 2: 181 


‘ / TT) ‘ |. | ‘ 
\ nomen nudum The species was placed in synonymy 


metes mollis Sommertf. by Karsten (17, p 


PORIA CANESCENS, ke 
sdere 


lwo collection . the ame plant, | cons! 


The lectotype elected by Rogers bears th lata “Mr 


\lnum, 7 XI 1886 leg. PAK Long recognized 
Polyporaceae (lh p 16] 2. p Se , 7 p OY : 29. ) - 31 


it has been found recently by Teixeira and Rover 38) to ha 


ciately divided basidia. Cruciate basidia were clearly seen on the 


type material The valid name 1 lporpiun carvae 
] 


pAcCcAe 


& Rogers and the famil the Tremel] 


PORIA CARBONICOLA, Finska \ et.-Soc. Ofs rh. 46(] 1904 


‘The type collec tion, and another one by the ame collector trom the 


same place, are sterile, and the hymenium is infested with a hyphomy 
cete. The identity of the species will be uncertain until spores are found. 
Fenn. Medd. 14: &2 188 


PORIA FERRUGINEOFUS« 


in part with the type description, the 


Of the 4 packet that agree 
unbound packet from Rabenhorst’s Fungi [uropaea No. 3645 at 
Helsinki agrees best and is selected as LECTOTYP! \ll of the material 
so named by Karsten is the same species, and agree with the current 
concept of a brown poria with tramal tissue mostly of al hyphae and 
with small allantoid spores It has long been accepted ; 

(1b, p. 428; 1c, p. 322; 2, p. 412; 11, p. 162; 24, p 
Nos. 148, 2105; 29, p. 56; 31, p. 548 


PORIA LABYRINTHICA, Hledwigia 30: 29% 189] 


Che 4 collections determined by Karsten are 
are dated Oct. 1891 a tated in the original ce 
tated, “Mustiala, in ligno pint 27 Sept. 1891" 
of the original description and 1s selected a 
p. 164) recognized it as valid but later it was considered 


P. ferruqineo-fusca (2, p 112: 8, p 69 ». 548 


specimens are [’. ferrugineo-fu 
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The single specimen 


{ 


porophore 


poru auran 


LOBIL, 

tiny, re upinate 
Sarsten j pileate 
lramet fercol 


109 - 34 


lhe 1 
lection, and thie 
Karst 


rgniaritt 


RIBICOI! 
Hedwigia 20 
packet contain 
\ later collect 
recognized 


undet 
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accepted under Karsten 


65% 6, p }] | ¢ cept tor 


x | 
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UREDINALES PARASITIZING GRASSES 
THE TRIBE CHLORIDEAE 


Hy 


\ taxonomic account ot 
itizing yra ie tribe ¢ 


paper nly Pucci 


although 
while othe 
Puccimia cynodonti 
America, 14 in Sou 
in kturope, three in Asia, and two in 
monograph (20, 22 
vrOoup On a 
Publication 


recognized 








12% 


ity; (UGA? hie 


culture of Ugand: STOCK) N:; 
(MICH 


Harvard Univer 


\vdelninge n, Stockholm ; 


Uredia without paraphyse 
2. Uredio pore echinulate 


Urediospores wit 


4. Urediospore wal 


( partina ) 


{ redio pore vall 
Peliospore pedice 
equatorial port 
leliospore pedicel 


vith hort} 


time 


Urediospore cattered germ 
6. Teliospores visibly bilamellate throug]! 


tnut-brown (Gymnopoqgon 


to clear chest 


6. Teliospores visibly bilamellate ily in apical 
not over or 4u thick, chestnut-browr 


vith apical wall thickened 
15-26 
»partina ) 
pore 16-24 24 w, urediospor 


L'redio 


ly (Chloris, Dactyloctentum 
Uredi pore with evenly ickened 


‘ 
; 


Amphispores not produced 
Peliospore 


Telio 


‘ 
/ 





OVPOGONI 


Dicaeoma enteropogon inn. Myc. 20 
Puccinia chloridis-in Ramakrishnan, Srinivasa 


daram in Proc. Indian s. 36:91 1952 


Spermogonia and aecia unknown lia chiefly hypoph 
broadly elliptical, 0.1-0.3 mm long 


tered, cinnamon-brown 


peripheral, variable most! 


curved, often geniculate 


2p thick; urediospore 


cinnamon-brown, | 6-5 cattered 
chiefly hypophyllou 


circular to oblong, 
1.0 mm long, pulvinate; teliospore 


loboid, rounded above and below, not constricted 


1 ’ , 
piong ellip old, or approa 


ptur 
2u: wall evenly dark chestnut-brown 


Oj)pu thick at ape» mooth 


not « ollap ing 
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TRATION Arth., Bot. Gaz. 34: 9, f. 2f, g, h; Arth. & Holw., 
Nat. Hist. Univ. lowa 5: pl. 5, 54a—k: Arth., Man. Rusts, 


MEN <AMINED: Individual specimens are not cited 
ince the records are extensive, but are listed in the original thesis 
in the Purdue University Library 


The name Puccinia sparganioides is reinstated for this speci 


order to conform with the code of nomenclature (17 


The aecial stage causes distortions on young leaves Some cas¢ 
complete defoliation of ash have been reported in South Dakota (7 

Characteristic feature of this species are the apically thicl 
urediospores, which closely resemble the aeciospores, and the hypophy! 
lous uredia and telia The uredia differ in the latter respect when they 
occur on S, alterniflora var. glabra by being epiphyllous 

This species is similar to /’. seymouriana even though the telio 
pores are indistinguishable morphologically, the telia of ?. seymouriana 
are consistently epiphyllous while those of P?. spargantoides are 
hypophyllous or on the sheaths, culms, or inflorescences. The uredio 
pores of the two species are similar, both having apical thickenings and 
parsely placed echinulations, but the aeciospores differ 

Phe aecia occurring upon Forestiera in Florida and Mexico are typi 
cal; however, the aeciospores trom lorestiera angustifolia from Texas 


lack the usual apical thickenings 


3. PUCCINIA CACABATA Arth. & EH olw. in Arth., Proc. Am. Phil. So 
64: 179. 1925 (Fic. 3) 


lecidium gossypu kell. & Eyv., Erythea 4: . 1896 

Uredo chloridis-berroi Speg., Rev. Argent. Bot. 1: 135 

Puccinia stakmani Presley in Presley & King, Phytopat 
385. 1943 


| redo chloridis pol dact lidis \ i Lragantia 5 


Phe aecial stage occurs on species of Gossypium in northern 
and the Southwestern United State For a description see 


Keverhardt and Presley & King 


Uredia mostly epiphyllous on Boutelova sp., amphigenous on 
Chloris sp., oblong or linear, becoming confluent, 0.3 to several mm 
long, cinnamon-brown, early naked, pulverulent, the ruptured epidermi 
apparent; urediospores globoid, broadly ellipsoid or obovoid, 19-24 


23-31 w; the wall pale to dark cinnamon-brown, 1.5-2.5 » thick, 


moderately echinulate, the pores 3 or rarely 4, equatorial, distinct Telia 
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len to cinnamon-brow 
quatorial, Telia amphigenou 
wn, pulvinate 


rounded 


mooth ; pedicel uniform 


Wn to 100 p long 


wvnitcant 
nen 
pes ie 


equatorial 
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HOstTS AND DISTRIBUTION: Spartina bakert Mert 
(L.) Roth, S. pectinata Link, partinae (Trin.) Mert 
Tyre: Racine, Wis., Sept _ 1899, /, Davi 
nata (Arth. & Holw., Ured. [ex Ic.. No. 53a) 
ILLUSTRATION Arth., Bot. Gaz. 34: 13, f. 3k, 1; Arth 
Lab. Nat. Hist. lowa 5 +, f. 53a, b; Arth., Man 
PECIMENS EXAMINED: Individual specimens are not 
the records are extensive but are listed in the original the 
Purdue University Library 
The resemblance between the aeciospores and urediospore 


} 


more striking than in ?’. sparganioid. This resemblance gave Arthur 


the idea that the Aecidium on Cephalanthus was the aecial stage of the 


rust, which he proved by culture According to Arthur (5), three 
| 


race or varietic 


families of aecial host 


been detected 

The relationship between this speci 
cussed under that specie 

One specimen in the Arthur Herbarium collected on Spartina spa 
tinae from between Houston and Galveston, Texas, differs from col 
tions on S. pectinata. The uredia and telia occur deepet 
intercostal grooves, the urediospores have irregularly thickened 
sometimes forming a stellate cavity, and do not have the 


thickening 


PUCCINIA DIETELII 


(Kc. 7) 


Puccinia chloridis Diet., Hedwigia 31: 290 
Spey 189] 
Puccinia chloridina ace \nn Bot 4 269 
Puccinia chloridicola P. Henn. in FI as-et Moy 
Congo 2(2) 1) 190/ 
Puccinia dactyloctent Pat. & Har., Bull 


Spermogonia and aecia unknow Uredia amphigenou 
llowish to brown! 


ellipsoid or obovoid, 15-21 * 17-26 »; wall golden to hyal 
bo yar thick at sides, 3-10 yp at apex, the pore indist 
phigenous, scattered, round or elliptic, pulvinate, 0.3-0.5 


narrowly oblong, 0.3—1.0 mm long, ve 


tured epidermis not apparent, pulverulent, dark chocolat 


ellipsoid, 17-24 


11 


spore hort ol long to broa 


rounded at both ends, not or slightly constricted at 








pedicel POMOC! 1 iy colored 


1 , 11 og 7 
lap ing laterally, u Sp 10NY, per 


Hosts AND 
(Presl.) Hiteh 


" 
Vasnii, ( radiata 


Dactyloctentum aeqyplticum 


Mla rencl Congo, Me 
Uganda, | 
lyre: Rooks Co., Kan 
as Puccinia chloridis Diet 
rRATION Arth. & Holway, Bul 
56a, \Arth., Man. Rusts, f 
MINED: Individual specimens are not cited 
ince the records are extensive, but are listed in the original thesi 
in the Purdue University Libra 


Phe species, previously known a ‘ucctnia chloridis Speg., has been 
divided into two part Collections with no ; ally thickened uredio 


pores, including the type and all but one other South American colle 


tion, have been united with what has been known as Puccinia hartholo 
maet Diet. in North America Chis group retains the name, P. chlorid 
Speg. The remaining collections of the old P. chloridis are from North 
America and Africa and have apically thickened urediospore Dietel 
first described this taxon as P. chloridis but the epithet had previou 
been used by spegazzini Saccardo and Svdow recognized that the 
rusts named by Spegazzini and by Dietel were different and gave 
name dictelu to the latter 

examination of the types of ?. chloridina and P.. dactyloctent show 
they also belonged here Material of P. chloridicola has not been 
but the rust i probably the same 

lhe outstanditig feature of this species is the apical thicken 
the urediospore This character separates it from P. chloridi 


tures and field collections of P. bartholomaet (| Chloridis) on s1sclef 
how that aecito pores of P. chloridts have apical thickenings similar 
those of urediospores P. dietelu. This may indicate that these 
are close] related ; that Iscl pia may ry as an aecial h 


P., dietelu 
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Uredia amphigenous, few, oblong or linear, ] 1 long, early 
naked, the ruptured epidermis not apparen ‘ 1] . ight cinnamon 
brown ; urediospores globoid to obovoid, 18 | 


thick, echinulate, light cinnamon-brown ; the pore 


amphigenous, numerous, often crowded, rounded, 


0.3-2 mm long, pulvinate, dark chocolate-bro 


epidermis inconspicuous ; teliospore broad! 


20 27 a 30) 39 p, rounded at both ends, not cor 


, oe wn 
> 3 thick lateral 


vall dark chestnut-brown, 
mooth; pedicel evenly light golden, up to 80 long, pedi 


walled, usually not collapsing laterally 


HOSTS AND DISTRIBUTION : Schedonnardus pa 
U \ In addition to this uredial and telial 
Puccinia schedonnardi has aecial stages on Abutilon, Callirhoe, Hibi 
Valvastrum, Napaea, Sida, and Sidalacea, and uredial and telial 
on Linmodea, Muhlenbergia and Sporobolu f the Agrostide: 
Melica, Monanthochloe, and Triplasis of the 

<ans., Mar., 1886 

Swingle N 1 Schedonnardus te 

ILLUSTRATIONS: Arth. & Holw., Bull 
5 pl Zz, 3 f 50a—« pl ; 5 
Monog. Ured. 1: pl 12, f. 546 


PECIMEN XAMINED: Individual specimen 


r a 4a, b Arth., 


ince the records are ‘nsive, but are 
in the Purdue Univer 

This species has 1 telial h ans f the 1 
the Chloridea \ a h \ crostideae 


he tuceae 


11, PUCCINIA DISTICHLIDI ll. ¢ v., ‘ .cad. Phila. 1893 
1893 (ic 11) 
Dicaeoma distichlidis (Tell. & Ev Kuntze, Rev. Gen. 3(3 
1898 
Puccinia kelsewi Svd., Monog. Ured. 1: 806 1904 
The aecial stage, which occurs on ies of / 


has been described by Arthur (3, 5) and who ha 


the culture 


redia epiphyllous, intercostal, 


epidermis conspicuous ; urediospores globoid o1 
| 


26-33(-35)m; wall pale yel 


, 
iow, even 








Mmovonla and 
2.0 mm long, orang: 
pecimen urrounded by 


broadly ellipsoid, or phaeroid, 


line to yellowish, (1.5 uw thick, strong 


probably O-S scattered lela unpl wenou 


brown, linear. elliptical, oblong or cir 
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surrounded by ruptured epidermis; teliospores globoid to 
soid, (18—)20 27 | 29) X (21 25-33 Pp, rounded at both 


stricted at the septum, septum susually vertical; wall 


] 


2.5 3p thick at sicle 3, 5 7 p thick at apex, m l pedicel a 
light golden, usually deeper tinted next to spore, up to 100 » long, 
walled and usually collapsing laterally, usually attached laterall) 


an angle (diorchidioid ), persistent. 


HOSTS AND DISTRIBUTION : Bouteloua americana 
pendula (Michx.) Torr., B. disticha (H.B.K 
(Fourn.) Griff., B. heterostega (Trin.) Griff., B. juncea ( De 
B. rigidiseta (Steud.) Hitch., Bouteloua sp., mnopogon 
(Willd.) Nees; Brazil, British Guiana, Costa Rica, Guatemala, 
Panama, Puerto Rico, Salvador, U. S. A. 

Tyre: College Station, Texas, Fall, 1889, y. Jenning 
Bouteloua curtipendula 

[LLUSTRATION syd., Monog. Ured. 1: pl. 41, f. 531; Arth., Man 
Rusts, f. 186 

SPECIMENS EXAMINED: Individual specimens are not cited here 
the records are extensive but are listed in the original thesis filed 
Purdue University Library 

\n examination of the type of Puccinia gymnopogonis prov 
rust to be identical to P. bouteloua The diorchidioid form 
teliospore 1S the only characte which eparate this specie 
P., chloridis 

\Amphispores reported by Arthur (5) are urediospores 


perans growing on the same leaves with P. bouteloua 


14. PuccINIA CHLORIDIS Speg., Rev. Arg. Hist 


172. 1891 (Fies. 13, 15) 


lecidium brandeqei Pk., Bot. Gaz. 3: 34. 1878 
lecidium jamesianum Pk., Bot. Gaz. 5: 34 1L&80. 
Puccinia bartholomaei Diet., Hedwigia 31: 290. 1892 
Dicaeoma bartholomaei ( Diet.) Kuntze, Rev. Gen. 3(3) 
Dicaeoma chloridis (Speg.) Kuntze, Rey. Gen. 3(3) : 468 
Puccinia jamesiana (Pk.) Arth., Bot. Gaz. 35: 1& 
Puccinia diplachnis Arth., Bull. Torrey Bot. Club 31 
Dicaeoma jamesianum (Pk. ) . Result i. Cong 
344. 1906 
Dicaeoma diplachnis ( Arth 
344 1906 
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permovonia and aecia 


mim long, surrounded by 


pores globoid or obovoid, 1 


1.5 y thick, echinulate, 
ally hypophyllous, numerou 
m long, ruptured epidermi 


om 


pers tent 


los 
beauy Argentina, Brit 
public, Guatamala, Lone 


lyre: Ascuncion, Pa 


yep: Indi 
ire listed in the original thes 
he small urediospores and 


characteristic feature of thi 


lecidium plant 
Puccima cynodontis kckl 
lecidium solms-laubachiu 
Montpellier 1894; 23 
Dicaeoma cynodontis (Desm.) Kuntze, 


lecidium marci Bub., Bet utsch 








| 1} 
iM 


nodon dact 


= Arthur 


using teliospores from Cynodon dactylon on 


) 


} hinium, Vercuriali . and Veronica Bubal 
cultures between Cynodon dactylon and species 0 
Viennot-Bourgin (13) successfully used teliospores from Cynodon da 
tylon on Valerianella cavinata. WDupais (10, 11) used teliospores from 
Cynodon dactylon on species of Vtola, Delphinium, Valerianella, Plan 
tago, Adoms, and Mercurialts 

Puccinia cynodontis has the largest aecial host range known for any 
rust of the Chlorideae. Members of seven dicotyledonous families have 
been shown to serve as aecial hosts in Europe and Asia. Uredial and 
telial stages occur circumglobally on Cynodon dactylon 

This was the first rust occurring on the Chlorideae to be described 
Che first des ription is meager and contain pra tically no details about 
the rust. However, it is certain that the name applies to the rust in 
question because of the exsiccati which the published de ription 


Act ompanie ; 


17. PUCCINIA LEPTOCHLOAE Arth, & Fromme, Torreya 15: 263. 1915. 


Dicaeoma li ploe hloae (Arth & bk romme Arth. & lf romme, . \m 
Flora 7: 321 1920 (Fic. 18 


Spermogonia and aecia unknown. lredia hypophyllous, cinnamon 
brown, pulverulent, surrounded by ruptured epidermis; urediospores 
globoid to obovoid, (16—)18-24 * 19-26 p wall gol len to light cinna 
2.5 » thick, verrucose, pores 4—0, scattered. Telia usu 


, 
9 | 
ally hypophyllous, sometimes on sheaths and inflorescences, blackish 


mon brown, l 5 


brown, ul ually crowded, oval, oblong, Or linear, 0.5 2 mm (or more 


long, surrounded by ruptured epidermis; teliospores oblong or broad 


ellipsoid, 17 24 > 23 260 p, both ends rounded, lightly constricted a 


the septum, arising from chestnut-brown basal cells ; wall dark chestnut 
brown, 2.54 thick at sides, 4-7 thick at apex, smooth; pedicels 


1 1] e 1 
i 


golden, thick-walled, usually not collapsing laterally, up to 95 long, 


pers tent 
Host AND DISTRIBUTION Lepto hloa filiform (Lam 


Argentina, Cuba, Guatamala, Honduras, Mexico, Puerto Rico, | 





epiphyllou 
ruptured urediospore 
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eparate thi peci from 


thickened urediospores distinguishes the 


parganiotdes, occurring also on Spartina 


corded outside North and 
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Uredia unphigenous, sé uttered, 
led by ruptured epidermi 


cl 
6 X 24-33 pp; wall 


Spermogonia and aecia unknown 


mall, pulverulent, tardily naked, 
ubgloboid to ellip oid or ovoid, 
1.5—2 » thick, echinulate, 


urrouns 


urediospore 
clear cinnamon-brown, to 6, equatorial 
lia epiphyllou chocolate-brown, 


or, on Alstrebla, variable lel 
urrounded by the ruptured epidermi 


ir 
i} 


ub 


tardily naked, 
globose, ovate, oblong or pyriform, usua angulate, rounded 
rounded or attenuate below, 


alt ape slow 
brown, 2, thick at sides, 3—7 p thicl 


walled, yellowish, collapsing laterally, uy 
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THE OCCURRENCE OF ARACHNIOTUS 
CITRINUS IN SOILS 
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NOTES AND BRIEF ARTICLES 


lo date, no liquid media 
{ 


that can furnish extensive yeast-l growth of 
The medium reported below has the advantage 
harvest in a reasonable incubation time 

or the addition of whole blood Further the 


medium favors turbidometric reading 


Ammonium nitrate 

Magnesium sulfate 

Iron sulfate 

Zine sulfate 

Potassium diphe 

()x serum 
With the « xception of glucose and serum, all substance dissolved 
in water: the liquid medium is adjusted to pH 6.5 and sterilized at 15 Ib 


(120° C) Sterile glucose solution and serum are added prior to uss 


To date, no substitute for serum has been found \dditions of p-amino 


benzoic acid, folic, glutamic, and aspartic acids did not serve to 
erum 

In thi mecaium, inocula necessary for good growth may 
using less than 50,000 cells/ml \s with more complex media, 


bation temperature of 37° ( ential if the dimorphism 
is to be averted 

Stock cultures of Histoplasma capsulatum in the yea 
be maintained on agar slants prepared with this medium 


transfer is recommended In order to insure sufficient moisture 


olid media during incubation, two techniques ; uggested: the 
may be sealed to prevent dissemination of m and incubate 
horizontal position ; or the screw caps ma 
the incubator 1s supplied with the necessary 

Research Department, CIBA Pharmaceutical 
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lusarium equiseti (Corda) Saccardo,. fron 
i picoccum purpurascen | hrenb., fron oil 
Rhi octonia chou l (srand “ Arrillaga rol 


Department of Botany, College of Agriculture, Cairo 


VMICROBIOLOG!I 


The first number of the Giornale di 


Microbiologia ( July—August, 
1955) has appeared Chis a multilingual journal welcoming contribu 


tions in modern languages dealing with cellular physiology, biochem 


istry, biophysics, genetics, and related subject While the first number 


1 


suggests that studies on bacteria and viruses will constitute an impor 
tant part of the contents, there ; two papers on actinomycetes and 
there seems to be no reason why suitable papers on certain aspects of 
funy would not le acceptable 

‘The ubseription office is Casella Postale 3279, Milano, Italy, and 
the annual subseription, per six numbers, outside of Italy, IL. 3000 


(about $4.75) 


DHE GERTRUDI ZLINGHAM FELLOWSHIP 


The New York Botanical Garden announces The Gertrude 


1 


lingham Fellowship in Mycology, for advanced predoctoral or po 


doctoral summer study at the Garden Che stipend is $700; worl 


this appointment may begin at any time after June 1, 1956, and should 


continue for approximately 3 month Nominations or application 


hould reach the Director by April 15th 





MANUSCRIPT 
Publication in MYCOLOGIA is ordinsrily restricted to those 


Hilt 
Hite 


it 3 
fi 


half-tone illustrations or three of 

i not to exceed $25. If figures 

cost of routing may be such as to restrict the space allow- 
25, the author will be asked to 


Beak 


Rules, it is recommended that contributors fur- 
new species and genera when their manuscript is 


e 
f 


publication. 
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Partial List of Publications of 
The New York Botanical Garden 


Mycologia, bimonthly; devoted to fungi, including licheas; containing technica) articles and 
news end notes of general interest. $4.50 a year; single copies $1.75 each. 


Established by The New York Botanical Garden in 1909, in continuation of the Journal of 
Mycology, founded by W. A. Kellerman, J. B. Ellis, and B. M. Everhart in 1885, Edited by 
William Alphonso Murrill, 1909-1924, ldited by Fred Jay Seaver, 1924-1946; by Alexander H. 
Smith, 1946-1950. Beginning with January, 1933, the official organ of the Mycological Society 
of America. 


North American Flora. Descriptions of the wiid plants of North America, including Green- 
land, the West Indies, and Central America. Planned to be completed in 34 volumes. Roy. 8vo. 
Each volume to consist of four or more parts. {Not offered in exchange.} Volumes 1-10 devoted 
to fungi. 

Vol. 1, part 1, 1949. Myzomycetes. $7.25. 


Vol. 2, part 1, 1937. Bilastocladiacese, Monoblepharidaceae, Saprolegniaceae, Ectrogellaceae, 
$2.00. 


Vol. 3, part 1, 1910. Nectré Fimetari $2.00. (Out of print.) 
Vol. 6, part 1, 1922. Phyllostictacese (pars). $2.00. 


Vol. 7 (now complete), parts 1-15, 1906-1940. Ustilaginaceae-Aecidiaceae. $2.00 per part. 
(Parts 1-5 out of print.) 


Vol. 9 (now complete), parts 1~7, 1907-1916. Polyporaceae-Agaricaceae (pars). $2.00 per 
part. (Parts 1-3 out of print.) 


Vol. 10, part 1, 1914; parts 2 and 3, 1917; part 4, 1924; part 5, 1932. Agariceae (pars). $2.00 
per part. 


Series Il, part 1, 1954, Tuberales. $1.60, 





The New Britton and Brown Illustrated Flora of the Northeastern United States and Adjacent 
Canada. By Henry A. Gleason. 3 voiumes. List price $30.00 per set, shipping charge $0.50. 
Succeeds the Illustrated Flora by Nathaniel L. Britton and Addison Brown. Includes descriptions 
and drawings of the plant species, from ferns to orchids, which grow without cultivation in the 
area extending from the St. Lawrence River to Virginia and westward to Missouri and Minnesota. 


The Garden Journal of The New York Botanical Garden. Bimonthly, illustrated, containing 
news, book reviews, and non-technical articles on botany, exploration, and horticulture. Free to 
all members of the Garden. To othera, 35 cents a copy, $2.00 a year. Now in its third volume. 
A continuation of the Journal of The New York Botanical Garden, fifty-one volumes. 


Brittonia. A series of botanical papers. Subscription price, $7.50 per volume. Now in its 
eighth volume. 
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